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(54) Solid-state image sensing device 

(57) A solid-state image-sensing device has a pho- 
tosensitive element that produces an electric signal 
commensurate with the amount of light incident* thereon, 
a transistor of which the first electrode and the control 
electrode are connected to one electrode of the photo- 
sensitive element, and a resetting portion for resetting 
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the transistor by feeding a predetermined pulse signal 
to the second electrode of the transistor. The resetting 
portion resets the transistor in such a way as to inhibit 
the transistor from operating in a subthreshold region 
when the amount of light incident on the photosensitive 
element is below a predetermined level. 
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Description 

[0001] This application is based on Japanese Patent 
Application No. 2000-264059 filed on August 31 , 2000, 
the contents of which are hereby incorporated by refer- 
ence. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a solid-state 
image-sensing device that is switchable between a first 
state in which it outputs an electric signal that is linearly 
proportional to the amount of incident light and a second 
state in which it outputs an electric signal that is natural- 
logarithmically proportional to the amount of incident 
light. 

Description of the Prior Art 

[0003] Conventional solid-state image-sensing devic- 
es are grouped roughly into CCD-type and MOS-type 
according to the means by which they read out photoe- 
lectric charge generated in photoelectric conversion el- 
ements. CCD-type image-sensing devices transfer 
electric charge while accumulating it in potential wells. 
On the other hand, MOS-type image-sensing devices 
read out electric charge accumulated in the pn junction 
capacitance of photodiodes through MOS transistors. 
However, these conventional solid-state image-sensing 
devices yield outputs that are proportional to the amount 
of electric charge generated, and thus have the disad- 
vantage of narrow dynamic ranges. 
[0004] To obtain a wider dynamic range, a solid-state 
image-sensing device has been proposed that is pro- 
vided with a photosensitive means that produces a 
photocurreht commensurate with the amount of incident 
light, a MOS transistor to which the photocurrent is fed, 
and a bias means that biases the MOS transistor in such 
a way that a subthreshold current flows therethrough. 
This solid-state image-sensing device outputs an elec- 
tric signal that is natural-logarithmically proportional to 
the amount of incident light. This type of solid-state im- 
age-sensing device has a wide dynamic range, but has 
the disadvantages of unsatisfactory characteristics in 
low-brightness condition and an insufficient S/N (signal- 
to-noise) ratio. 

[0005] On the other hand, an optical sensor circuit has 
also been proposed that is provided with a photosensi- 
tive means that produces a photocurrent commensurate 
with the amount of incident light and a MOS transistor 
to which the photocurrent is fed; in addition, this optical 
sensor circuit is so configured as to be switchable be- 
tween a first state in which it yields an output linearly 
proportional to the photocurrent and a second state in 
which it yields an output natural-logarithmically propor- 
tional to the photocurrent (United States Patent No. 



5.861,621). 

[0006] In this optical sensor circuit, proposed in Unit- 
ed States Patent No. 5,861,621, that can be switched 
between linear conversion and logarithmic conversion, 
5 a node between a photodiode and a capacitor is reset 
by making the gate voltage of a MOS transistor suffi- 
ciently higher than the drain voltage thereof so that the 
drain-source channel of the MOS transistor is brought 
into a low-impedance state. This makes the potential at 
10 the source substantially equal to the potential at the 
drain. As a result, where a plurality of such circuits are 
provided, the node between the photodiode and the ca- 
pacitor is reset in such a way that the voltage there be- 
comes identical in ait the circuits. That is, the variations 
in sensitivity among the individual circuits due to the var- 
iations in the threshold voltage of their MOS transistors 
are not reflected in the outputs from those circuits. This 
causes the switching point between linear conversion 
and logarithmic conversion to vary from one pixel to an- 
other. 

SUMMARY OF THE INVENTION 

[0007] An object of the present invention is to provide 
a novel and effective solid-state image-sensing device 
that can be switched between logarithmic conversion 
and linear conversion automatically according to the 
amount of light incident on the photoelectric conversion 
portion thereof. 

[0008] Another object of the present invention is to 
provide a solid-state image-sensing device that has a 
plurality of pixels and in which the switching point be- 
tween linear conversion and logarithmic conversion is 
substantially identical in all pixels. 
[0009] To achieve the above objects, according to one 
aspect of the present invention, a solid-state image- 
sensing device is provided with: a photosensitive ele- 
ment that produces an electric signal commensurate 
with the amount of light incident thereon; a transistor of 
which the first electrode and the control electrode are 
connected to one electrode of the photosensitive ele- 
ment; and resetting means for resetting the transistor by 
feeding a predetermined pulse signal to the second 
electrode of the transistor. Here, the resetting means re- 
sets the transistor In such a way as to inhibit the tran- 
sistor from operating in a subthreshold region when the 
amount of light incident on the photosensitive element 
is below a predetermined level. 
[0010] Alternatively, according to another aspect of 
the present invention, in a solid-state image-sensing de- 
vice as described above, the resetting means resets the 
transistor in such a way as to, on the one hand, keep 
the transistor In a cut-off state when the amount of light 
incident on the photosensitive element is below a pre- 
55 determined level so that an output linearly proportional 
to the amount of light incident on the photosensitive el- 
ement appears at the control electrode of the transistor 
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in a subthreshold region when the amount ol light inci- 
dent on the photosensitive element is equal to or above 
the predetermined level so that an output logarithmically 
proportional to the amount of light incident on the pho- 
tosensitive element appears at the control electrode of 
the transistor. 

■ 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00111 This and other objects and features of the 
present invention will become clear from the following 
description, taken in conjunction with the preferred em- 
bodiments with reference to the accompanying draw- 
ings in which: 

Fig. 1 is a block diagram illustrating the overall con- 
figuration of a two-dimensional solid-state Image- 
sensing device embodying the Invention: 
Figs. 2A and 2B are diagrams showing a portion of 
Fig. 1 ; 

Fig. 3 is a circuit diagram showing an example of 
the configuration of each pixel in a first embodiment 
of the invention; 

Fig. 4 is a timing chart showing the operation of 
each pixel in the first embodiment; 
Fig. 5 is a circuit diagram showing an example of 
the configuration of each pixel in a second embod- 
iment of the invention; 

Fig. 6 is a timing chart showing the operation of 
each pixel in the second embodiment; 
Fig. 7 is a circuit diagram showing^an example of 
the configuration of each pixel in a third embodi- 
ment of the invention; 

Fig. 8 is a circuit diagram showing an example of 
the configuration of each pixel in a fourth embodi- 
ment of the invention; 

Fig. 9 is a circuit diagram showing an example of 
the configuration of each pixel in a fifth embodiment 
of the invention; 

Fig. 10 is a timing chart showing the operation of 
each pixel in the fifth embodiment; 
Fig. 11 is a circuit diagram showing an example of 
the configuration of each pixel in a sixth embodi- 
ment of the invention; 

Fig. 12 is a timing chart showing the operation of 
each pixel in the sixth embodiment; 
Fig. 13 is a circuit diagram showing an example of 
the configuration of each pixel in a seventh embod- 
iment of the invention; 

Fig. 14 is a circuit diagram showing an example of 
the configuration of each pixel in an eighth embod- 
iment of the invention; 

Fig. 15 is a circuit diagram showing another exam- 
ple of the configuration of each pixel in a fifth em- 
bodiment of the invention; 

Fig. 1 6 is a circuit diagram showing another exam- 
ple of the configuration of each pixel in a sixth env 
bodiment of the invention; 



Fig. 1 7 is a circuit diagram showing another exam- 
ple of the configuration of each pixel in a seventh 
embodiment of the invention; 
Fig. 18 is a circuit diagram showing another exam- 
is ' pie of the configuration of each pixel in an eighth 
embodiment of the invention; 
Fig. 19 is a circuit diagram showing another exam- 
ple of the configuration of each pixel in a fifth em- 
bodiment of the invention; 
w Fig. 20 is a circuit diagram showing another exam- 
ple of the configuration of each pixel in a sixth em- 
bodiment of the invention; 
Fig. 21 is a circuit diagram showing another exam- 
ple of the configuration of each pixel in a seventh 
is embodiment of the invention; 

Fig. 22 js a circuit diagram showing another exam- 
ple of the configuration of each pixel in an eighth 
embodiment of the invention; 
Fig. 23 is a circuit diagram showing an example of 
20 the configuration of each pixel in a ninth embodi- 
ment of the invention; 

Fig. 24 is a timing chart showing the operation of 

each pixel in the ninth embodiment; 

Figs. 25 A to 25F are diagrams showing the struc- 

25 ture of the pixel shown in Fig. 23 and the potential 
relationship observed therein; 
Fig. 26 is a circuit diagram showing ar^example of 
the configuration of each pixel in a tenth embodi- 
ment of the invention; 

30 Fig. 27 is a timing chart showing the operation of 
each pixel in the tenth embodiment; 
Fig. 28 is a . circuit diagram showing an example of 
the configuration of each pixel in an eleventh em- 
bodiment of the invention; 

35 . Fig. 29 is a block diagram illustratingrthe overall 
.configuration of a two-dimensional solid-state im- 
age-sensing device embodying the invention, in a 
case where P-channel MOS transistors are used as 
active elements in each pixel; 

40 Figs. 30A and 30B are diagrams showing a portion 
of Fig. 29; 

Fig. 31 is a circuit diagram showing an example of 
the configuration of each pixel in a twelfth embodi- 
ment of the invention; 
45 Fig. 32 Is a circuit diagram showing an example of 
the configuration of each pixel in a thirteenth em- 
bodiment of the invention; 

Fig. 33 is a circuit diagram showing an example of 
the configuration of each pixel in a fourteenth em- 
so bodiment of the invention; 

Fig. 34 is a circuit diagram showing an example of 
.the configuration of each pixel in a fifteenth embod- 
iment of the invention; 

Fig. 35 is a circuit diagram showing an example of 
55 the configuration of each pixel in a sixteenth em- 
bodiment of the invention; 
Fig. 36 is a circuit diagram showing an example of 
the configuration of each pixel in a seventeenth em- 
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bodiment of the invention; 
Fig. 37 is a circuit diagram showing an example of 
the configuration of each pixel in an eighteenth em- 
bodiment of the invention; 
Fig. 38 is a circuit diagram showing an example of 
the configuration of each pixel in a nineteenth em- 
bodiment of the invention; 
Fig. 39 is a circuit diagram showing another exam- 
ple of the configuration ol each pixel in a sixteenth 
embodiment of the invention; 
Fig. 40 is a circuit diagram showing another exam- 
ple of the configuration of each pixel in a seven- 
teenth embodiment of the invention; 
Fig. 41 is a circuit diagram showing another exam- 
ple of the configuration of each pixel in an eight- 
eenth embodiment of the invention; 
Fig. 42 is a circuit diagram showing another exam- 
ple of the configuration of each pixel in a nineteenth 
embodiment of the invention; 
Fig. 43 is a circuit diagram showing another exam- 
ple of the configuration of each pixel in a sixteenth 
embodiment of the invention; 
Fig. 44 is a circuit diagram showing another exam- 
ple of the configuration of each pixel in a seven- 
teenth embodiment of the invention; 
Fig. 45 is a circuit diagram showing another exam- 
ple of the configuration of each pixel in an eight- 
eenth embodiment of the invention; 
Fig. 46 is a circuit diagram showing another exam- 
ple of the configuration of each pixel in a nineteenth 
embodiment of the invention; 
Fjg. 47 is a circuit diagram showing an example of 
the configuration of each pixel in a twentieth em- 
bodiment of the invention; 
Fig. 48 is a circuit diagram showing an example of 
the configuration of each pixel in a twenty-first em- 
bodiment of the invention; 
Fig. 49 is a circuit diagram showing an example.of 
the configuration of each pixel in a twenty-second 
embodiment of the invention; and 
Fig. 50 is a block diagram showing the internal con- 
figuration of an image input apparatus incorporating 
the solid-state image-sensing device of one of the 
embodiments of the Invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 2] Fig. 1 schematically shows the configuration of 
a portion of a two-dimensional MOS-type solid-state im- 
age-sensing device embodying the invention. In this fig- 
ure, reference symbols G11 to Gmn represent pixels ar- 
ranged in rows and columns (in a matrix). Reference nu- 
meral 2 represents a vertical scanning circuit, which 
scans rows (lines) 4-1 , 4-2 4-n sequentially. Refer- 
ence numeral 3 represents a horizontal scanning circuit, 
which reads out photoelectric conversion signals, which 
are de'livVred from the pixels "to output signal lines 6-1, 



6-2 6-m, sequentially pixel by pixel in the horizontal 

direction. Reference numeral 5 represents a power line. 
In reality, the individual pixels are connected not only lo 
the lines 4-1, 4-2, ... , 4-n, the output signal lines 6-1, 

5 6-2 6-m t and the power line 5 mentioned above, but 

also to other lines (for example , clock lines and bias sup- 
ply lines); however, these other lines are omitted in Fig. 
1. 

[0013] As shown in the figure, for each of the output 
10 signal lines 6-1 , 6-2, ...» 6-m, there is provided a pair of 
N-channel MOS transistors Q1 andQ2. Here, a descrip- 
tion will be given only with respect to the output signal 
line 6-1 as a representative. The MOS transistor Q1 has 
its gate connected to a direct-current voltage line 7, has 
is its drain connected to the output signal line 6-1 , and has 
its source connected to a line 8 of a direct-current volt- 
age VPSA. On the other hand, the MOS transistor Q2 
has its drain connected to the output signal line 6-1 , has 
its source connected to a signal line 9 serving as a final 
20 destination line, and has its gate connected to the hori- 
zontal scanning circuit 3. 

[0014] As will be described later, the pixels G11 to 
Gmn are each provided with an N-channel MOS tran- 
sistor Ta that outputs a signal based on the photoelectric 

25 charge that has been generated therein. This MOS tran- 
sistor Ta and the MOS transistor Q1 descrfoed above 
are interconnected as shown in Fig. 2A. The MOS tran- 

• sistor Ta corresponds to the. MOS transistor T4 in the 
second to fourth, sixth to eighth, tenth, and eleventh en> 

30 bodiments, and to the MOS transistor T2 in the first, fifth, 
and ninth embodiments. Here, the direct-current voltage 
VPSA connected to the source of the MOS transistor Q1 
and a direct-current voltage VPDA connected to the 
drain of the MOS transistor Ta fulfill the relation VPDA 

35 > VPSA, where VPSA equals, for example, the ground 
voltage. In this circuit configuration, the upper-stage 
MOS transistor Ta receives a signal at its gate, and the 
lower^stage MOS transistor Q1 receives a direct-current 
voltage DC at its gate all the time. Hence, the lower* 

40 stage MOS transistor Q1 is equivalent to a resistor or 
constant-current source, and thus the circuit shown in 
Fig. 2A acts as an amplifier circuit of a source follower 
type. In this case, It can sately be said that the amplifi- 
cation performed by the MOS transistor Ta yields a cur- 

45 rent as Its output. 

[001 5] Trie MOS transistor Q2 is controlled by the hor- 
izontal scanning circuit 3 so as to act as a switching de- 
vice. As will be described later, in all the embodiments 
shown in Fig. 3 and the subsequent figures, each pixel 

so is further provided with an N-channel MOS transistor T3 
that acts as a switch. If this MOS transistor T3 is illus- 
trated explicitly, the circuit shown in Fig. 2A has a con- 
figuration as shown in Fig. 2B. Specifically, the MOS 
transistor T3 is Inserted between the MOS transistor 01 

55 and the MOS transistor Ta. Here, the MOS transistor T3 
serves to select a row, and the MOS transistor 02 
serves to select a column. The circuit configurations 
shown in Figs. 1 , 2A. and 2B are common to an ot the 
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first to eleventh embodiments described below. . 
[001 6] With the circuit configuration shown in Figs. 2A 
and 2B, it is possible to output signals at a high gain. As 
a result, even in cases where photocurrents generated 
in photosensitive elements are converted natural-loga- 
rithmically to obtain a wide dynamic range, and thus out- 
put signals are low if they are output as they are, the 
amplifier circuit described above amplifies the signals to 
a sufficiently high'level, and thereby makes them easier 
to process in the signal processing circuit (not shown) 
in the succeeding stage. Alternatively, the MOS transis- 
tor Q1 , which constitutes a load resistor in the amplifier 
circuit, may be provided not within each pixel, but one 
for each of the output signal lines 6-1, 6-2, 6-m, to 
each of which a plurality of pixels arranged in the corre- 
sponding column are connected collectively. This helps 
reduce the number of load resistors or constant-current 
sources, and thereby reduce the area occupied by the 
amplifier circuit on a semiconductor chip. 

First Embodiment 

[001 7] Now, a first embodiment of the invention, which 
is applicable to each pixel in the circuit configuration 
shown in Fig. 1 , will be described with reference to the 
drawings. Fig. 3 is a circuit diagram showing the config- 
uration of each pixel provided in a solid-state image- 
sensing device in this embodiment. 
[0018J In Fig. 3 : a pn photodiode PD serves as a pho- 
tosensitive portion (photoelectric, conversion portion). 
The anode of this photodiode PD is connected to the 
gate and drain of a MOS transistor T1 and to the gate 
of a MOS transistor T2 The source of the MOS transis- 
tor T2 is connected to the drain of a MOS transistor T3 
for row-selection. The source of the MOS transistor T3 
is connected to an output signal line 6 (this output signal 
line 6 corresponds to the output signaf lines 6-1 , 6-2, 
6-m shown in Fig. 1 ). The MOS transistors T.1 to T3 are 
ail N-channel MOS transistors with their back gates 
grounded. 

[0019] A direct-current voltage VPD is applied to the 
cathode of the photodiode PD and to the drain of the 
MOS transistor T2. A signal <t>VPS is fed to the source 
of the MOS transistor T1 . A signal <J>V is fed to the gate 
of the MOS transistor T3. Here, the signal <|>VPS is a 
binary voltage signal that takes either a level VH that 
makes the MOS transistor T1 operate in a subthreshold 
region when the amount of incident light is above a pre- 
determined level or a level VL that is lower than the level 
VH and brings the MOS transistor T1 into a conducting 
state. This pixel configured bs described above oper- 
ates in the following manner. 

[0020] As shown in a timing chart in Fig. 4, when a 
pulse is fed as the signal $V to the gate.of the MOS tran- 
sistor T3, an output signal is read out. Then, the signal 
4»VPS is turned to the level VL to perlorm a resetting 
operation. Here, electric charge of the opposite polarity 
to the electric charge that has been accumulated be- 



tween the source ano drain of the MOS transistor T1 - 
flows into the MOS transistor T1 through the MOS tran- 
sistor T1 , and thereby the gate voltage of the MOS tran- 
sistor T1 is reset. 

5 [0021] While the signal <(>VPS is kept at the level VL 
to perform the resetting operation in this way, a high- 
level pulse is led as the signal <)A/ to the gate of the MOS 
transistor T3 to read out a noise signal obtained during 
the resetting operation. Here, the gate voltage of the 

io MOS transistor Ti in its reset state is fed to the gate of 
the MOS transistor T2. As a result, the gate voltage of 
the MOS transistor T1 is current-amplified by the MOS 
transistor T2, and is then delivered through the MOS 
transistor T3 to the output signal line 6. 

is [0022] Moreover, the drain voltage of the MOS tran- 
sistor Q1 , which is determined by the on-state resistanc- 
es of the MOS transistor T2 and the MOS transistor Q1 
(Fig. 2) and the current flowing therethrough, appears 
as a noise signal on the output signal line 6. After the 

20 noise signal is read out in this way, the MOS transistor 
T3 is turned off, and then the signal 4>VPS is turned to 
the level VH in preparation for an image-sensing oper- 
ation that is to follow. 

[0023] When the signal <|>VPS is turned to the level 
25 VH, the image-sensing operation is started, and an 
amount of photoelectric charge commensurate with the 
amount of incident light flows from the phojpdiode PD 
into the MOS transistor T1. The MOS transistor T1 is 
now in a cut-off state, and therefore the photoelectric 

30 charge is accumulated at the gate of the MOS transistor 
T1 . Accordingly, when the brightness of the subject be- 
ing sensed is low, and thus the amount of light incident 
oh the photodiode PD is small, a voltage commensurate 
with the amount of photoelectric charge accumulated at 

35 the gate of the MOS transistor T1 appears<at the gate 
of the MOS transistor T1 . As a result, a voltage linearly 
proportional to the integral of the amount of incident light 
appears at the gate of the MOS transistor Tt . 
[0024] By contrast, when the brightness of the subject 

40 being sensed is high, and thus the amount of light inci- 
dent on the photodiode PD is large, the voltage com- 
mensurate with the amount of photoelectric charge ac- 
cumulated at the gate of the MOS transistor T1 is high. 
This causes the MOS transistor T1 to operate in a sub- 

is threshold region. As a result, a voltage natural-togarith- 
mically proportional to the amount of Incident light ap- 
pears at the gate of the MOS transistor T1 . 
[0025] In this way, a voltage linearly or natural-loga- 
' rithmically proportional to the amount of incident light 

so appears at the gates of the MOS transistors T1 and T2. 
Then, in the same manner as described above, a pulse 
is fed as the signal <frV to the gate of the MOS transistor 
T3, so that the gate voltage of the MOS transistor T1 , 
which is linearly or natural- logarithmically proportional 

55 to the amount of incident light, is current-amplified by 
the MOS transistor T2, and is then delivered through the 
MOS transistor T3 to the output signal line 6. Moreover, 
the drain voltage of the MOS transistor Q1 , which is de- 
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termined by the on-stale resistances of the MOS tran- 
sistor T2 and the MOS transistor Q1 and the current 
flowing therethrough, appears as an image signal on the 
output signal line 6. 

[0026] Among the individual pixels each operating as 
described above, the threshold voltage of the MOS tran- 
sistor T1 varies from one pixel to another, and therefore, 
when the signal $VPS is at the level VH, the voltage at 
which a switching from linear conversion to logarithmic 
conversion takes place is VH + V-^ - K (where rep- 
resents the threshold voltage of the MOS transistor T1 
and K represents a constant). In this embodiment, when 
the signal <|>VPS is at the level VL, the voltage at the gate 
electrode of the MOS transistor T1 is substantially equal 
to VL + Vjh in practical terms. Thus, the difference is 
AV = VH - VL - K; that is, the amount of electric charge 
that is required to effect a transition from a reset state 
to the aforementioned switching point is substantially 
constant irrespective of variations in the threshold volt- 
age of the MOS transistor T1 among the individual pix- 
els. 

[0027] Therefore, the amount of photoelectric charge 
that flows into the MOS transistor T1 before the gate 
voltage of the MOS transistor T1 reaches the voltage at 
which a switching to logarithmic conversion takes place 
is equal in all the pixels. Thus, the amount of electric 
charge that is generated in the photodiode PD when a 
switching to logarithmic conversion takes place is equal 
in all the pixels, and therefore the amount of light inci- 
dent on the photodiode PD when a switching to logarith- 
mic conversion takes place is equal in all the pixels. That . 
is. in all the pixels, the brightness of the subject at which 
a switching from linear conversion to logarithmic con- 
version takes place is equal. In this way, it is possible to 
reduce the effect of variations in the threshold voltage 
of the MOS transistor T1 among the individual pixels on 
their switching from one type of conversion to another. 
[0028] By varying the level VL of the signal 4>VPS .in 
the resetting operation, it is possible to vary the range 
In which the gate voltage VG of the MOS transistor T1 
is allowed to vary in linear conversion. Thus, by varying 
the level VL of the signal $VPS in the resetting opera- 
tion, it Is possible to set the switching point, which cor- 
responds to the brightness of the subject at which a 
switching from linear conversion to logarithmic conver- 
sion takes place in the individual pixels, at the desired 
level. 

[0029] The noise signals from the individual pixels are 
fed out by way of the signal line 9 shown In Fig. 1 , serially 
from one pixel after another, so as to be stored as pixel- 
by-pixel noise signals in a memory provided in the suc- 
ceeding circuit. Then, the image signals from the indi- 
vidual pixels are corrected with the noise signals thus 
stored. In this way, it is possible to eliminate, from the 
image signals, components resulting from variations in 
characteristics among the individual pixels. A practical 
example of how this correction is achieved is shown in 
Fig. 50 and will be described later. Alternatively, similar 



correction may be realized by providing memories, such 
as line memories, within the pixels. 

Second Embodiment 

5 

[0030] Now, a second embodiment of the invention 
will be described with reference to the drawings. Fig. 5 
is a circuit diagram showing the configuration of each 
pixel provided in a solid-state image-sensing device in 

10 this embodiment In the following description, such cir- 
cuit elements, signal lines, etc. as serve the same pur- 
poses as in the pixel shown in Fig. 3 are identified with 
the same reference numerals or symbols, and their de- 
tailed explanations will not be repeated. 

is [0031] As shown in Fig. 5, the pixel of this embodi- 
ment is obtained by additionally providing, in the pixel 
of the first embodiment (Fig. 3), a capacitor C1 that has 
one end connected to the source of the MOS transistor 
T2, and a MOS transistor T4 that has its gate connected 

20 to the source of the MOS transistor T2. The MOS tran- 
sistor T4 has its source connected to the drain of the 
MOS transistor T3, and receives the direct-current volt- 
age VPD at its drain. Moreover, a signal <J>D is fed to the 
drain of the MOS transistor T2, and a direct-current vott- 

25 age VPS is applied to the other end of the capacitor CI . 
The MOS transistor T4, like the MOS transistors T1 to 
T3, is an N-channel MOS transistor with its back gate 
grounded. This pixel configured as described above op- 
erates in the following manner. 

30 [0032] As shown in a timing chart in Fig. 6, when a 
pulse is fed as the signal $V to the gate of the MOS tran- 
sistor T3, an output signal is read out. Then, the signal 
<J>VPS is turned to the level VL to perform a resetting 
operation. Here, through the MOS transistor T1, the 

35 gate voltage of the MOS transistor T1 is reset. While the 
signal <(>VPS Is kept at the level VL to perform the reset- 
ting operation in this way, first, a low-level pulse is fed 
as the signal 4>D to the drain of the MOS transistor T2, 
so that the electric charge accumulated in the capacitor 

40 C1 is discharged through the MOS transistor T2 to the 
signal line of the signal $D. This initializes the voltage 
at the node between the capacitor C1 and the source of 
the MOS transistor T2. 

[0033] Then, the gate voltage of the MOS transistor 
45 T1 in its reset state Is fed to the gate of the MOS tran- 
sistor T2, so that a current commensurate with the gate 
voltage of the MOS transistorTI flows through the MOS 
transistor T2, as its drain current, to the capacitor C1 , 
and thus charges the capacitor C1 . As a result, the volt- 
so age at the node between the capacitor C1 and the 
source of the MOS transistor T2 is now commensurate 
with the gate voltage of the MOS transistorTI in its reset 
state. 

[0034] Next, a high-level pulse is fed as the signal <J>V 
55 to the gate of the MOS transistor T3 to read out a noise 
signal obtained during the resetting operation. Here, the 
voltage at the node between the capacitor C1 and the 
source of the MOS transistor T2 is fed to the MOS tran- 
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sistor T4, which current-amplifies it to produce an output 
current, which is then delivered through the MOS tran- 
sistor T3 to the output signal line 6. After the noise signal 
obtained during the resetting operation is read out in this 
way, a low-level signal is fed as the signal <|>D to the drain 5 
of the MOS transistor 12 again to reset the voltage at 
the node between the capacitor C1 and the source of 
the MOS transistor T2. Then, the signai <|>VPS is turned 
to the level VH in preparation for an image-sensing op- 
eration: 10 
[0035] When the signal <t>VPS is turned to the level 
VH, the image-sensing operation is started, and a volt- 
age linearly or natural -logarithmically proportional to the 
amount of incident light appears at the gates of the MOS 
transistors T1 and T2. This voltage linearly or natural- 
logarithmically proportional to the amount of incident 
light is current-amplified by the MOS transistor T2, and 
the resulting current, i.e. the drain current of the MOS 
transistor T2, flows to the capacitor C1 , and thus charg- 
es the capacitor C1 . As a result, the voltage at the node 20 
between the capacitor C1 and the source of the MOS 
transistor T2 is now linearly or natural-logarithmically 
proportional to the integral of the amount of incident 
light. 

[0036] Then, in the same manner as described above. & 
a high-level pulse is fed as the signal <frV to the gate of 
the MOS transistor T3 to read out an image signal ob- 
tained during the image-sensing operation. Here, the 
voltage at the node between the capacitor C1 and the 
source of the MOS transistor T2 is fed to the MOS tran- 30 
sistorT4, which current-amplifies it to produce an output 
current, which is then delivered through the MOS tran- 
sistor^ to the output signal line 6. As a result, the out- 
put current thus delivered to the output signal line 6 is 
linearly or natural-logarithmically proportional to the in- 35 
tegral of the amount of incident light. 
[0037] While the image-sensing operation is being 
performed in this way, as in the first embodiment, the 
MOS transistor T2 receives at its gate, if the brightness 
is below a predetermined level, a voltage linearly pro- *o 
portional to the integral of the amount of incident light 
or, If the brightness is equal to or above the predeter- 
mined level, a voltage natural-logarithmically propor- 
tional to the integral of the amount of incident light. 
[0038] With each pixel configured as described 
above, by varying the level VL of the signal <t»VPS In the 
resetting operation, it is possible to vary the brightness 
of the subject at which a switching from linear conver- 
sion to logarithmic conversion takes place in the individ- 
ual pixels. Moreover, in this embodiment, the use of the so 
capacitor C1 makes it possible to integrate the output 
signal before it is fed out. The capacitor C1 absorbs and 
eliminates, from the output signal, undesirable compo- 
nents such as fluctuation originating from a light source 
and high-frequency noise. Thus, it is possible to obtain 55 
output signals with a satisfactory S/N ratio. 
[0039] The noise signals from the individual pixels are 
fed out by way of the signal line 9 shown in Fig. 1 , serially 



from one pixel after another, so as to be stored as pixel- 
by-pixel noise signals in a memory provided in the suc- 
ceeding circuit. Then, the image signals from the indi- 
vidual pixels are corrected with the noise signals thus 
stored. In this way, it is possible to eliminate, from the 
image signals, components resulting from variations in 
characteristics among the individual pixels. A practical 
example of how this correction is achieved is shown in 
Fig. 50 and will be described later. Alternatively, similar 
correction may be realized by providing memories, such 
as line memories, within the pixels, 

Third Embodiment 

[0040] Now, a third embodiment of the invention will 
be described with reference to the drawings. Fig. 7 is a 
circuit diagram showing the configuration of each pixel 
provided in a solid-state image-sensing device in this 
embodiment. In the following description, such circuit el- 
ements, signal lines, etc. as serve the same purposes 
as in the pixel shown in Fig. 5 are identified with the 
same reference numerals or symbols, and their detailed 
explanations will not be repeated. 
[0041] As shown in Fig. 7, the pixel of this embodi- 
ment is obtained by additionally providing, in the pixel 
of the second embodiment (Fig. 5), a MOS transistor T5 
that has its drain connected to the node between the 
source of the MOS transistor T2 and the capacitor C1 , 
a capacitor C2 that has one end connected to the source 
of the MOS transistor T5. and.a MOS transistor T6 that 
has its drain connected to the source of the MOS tran- 
sistor T5. A direct-current voltage VRS is applied to the 
source of the MOS transistor T6, and a signal <|>RS is 
fed to the gate of the MOS transistor T6. A signal $S is 
fed to the gate of the MOS transistor T5, and.the voltage 
VPS is fed to the other end of the capacitor C2. The MOS 
transistors T5andT6, like the MO S trans istorsTI toT4, 
are N-channel MOS transistors with their back gates 
grounded. This pixel configured as described above op- 
erates in the following manner 
[0042] When a pulse is fed as the signal <)>V to the gate 
of the MOS transistor T3 f an output signal is read out. 
Then, the signal <)>VPS is turned to the level VL to per- 
form a resetting operation. Here, through the MOS tran- 
sistor T1 , the gate voltage of the MOS transistor T1 is 
reset. While the signal $VPS is kept at the level VL to 
perform the resetting operation in this way, first, a low- 
level pulse is fed as the signal 4D to the drain of the 
MOS transistor T2, so that the electric charge accumu- 
lated in the capacitor C1 is discharged through the MOS 
transistor T2 to the signal line of the signal $D. This in- 
itializes the voltage at the node between the capacitor 
C1 and the source of the MOS transistor T2. Moreover, 
a pulse is fed in as the signal <(>RS to initialize the capac- 
itor C2. 

[0043] Then, the gate voltage of the MOS transistor 
T1 in its reset state is fed to the gate of the MOS tran- 
sistor T2, so that a current commensurate with the gate 
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voltage of the MOS transislorTI flows through the MOS 
transistor 12, as its drain current, to the capacitor C1 , 
and thus charges the capacitor C1 . As a result, the volt- 
age at the node between the capacitor C1 and the 
source of the MOS transistor T2 is how commensurate 5 
with the gate voltage of the MOS transistor T1 in its reset 
state. Then, the signal $VPS is turned to the level VH in 
preparation for an image-sensing operation that is to fol- 
low. The manipulation of the signals <J>D and <|>VPS here 
is performed simultaneously for all the pixels G11 to io 
Gmn shown in Fig. 1. 

[0044] When the signal <t>VPS Is turned to the level 
VH, the image-sensing operation is started, and a volt- 
age linearly or natural-logarithmically proportional to the 
amount of incident light appears at the gates of the MOS 
transistors T1 and T2. This voltage linearly or natural- 
logarithmically proportional to the amount of incident 
light Is current-amplified by the MOS transistor T2, and 
the resulting cur rem, i.e. the drain current of the MOS 
transistor T2, flows to the capacitor C1 , and thus charg- 20 
es the capacitor C1 . As a result, the voltage at the node 
between the capacitor C1 and the source of the MOS 
transistor T2 is now linearly or natural-logarithmically 
proportional to the integral of the amount of incident 

light. 2S 
[0045] Next, a high-level pulse is fed as the signal <|>S 
to the gate of the MOS transistor T5 to bring this MOS 
transistor T5 into a conducting state, so that the voltage 
at the node between the capacitor C1 and the source of 
the MOS transistor T2 is sampled by the capacitor C2. 30 
As a result, the voltage at the node between the capac- 
itor C2 and the gate of the MOS transistor T4 is now 
linearly or natural-logarithmically proportional to the in- 
tegral of the amount of incident light. The operations per- 
formed after the image-sensing operation is started until 35 
the signal $S is fed in are performed simultaneously for 
all the pixels G11 to Gmn shown in Fig. 1. 
[0046] While the image-sensing operation is being 
performed in this way, as in the first embodiment, the 
MOS transistor T2 receives at its gate, if the brightness 40 
is below a predetermined level, a voltage linearly pro- 
portional to the amount of incident light or, if the bright- 
ness is equal to or above the predetermined level, a volt- 
age natural-logarithmically proportional to the amount 
of incident light. 45 
[0047] Thereafter, a high-level pulse Is fed as the sig- 
nal 4>V to the gate of the MOS transistor T3 to read out 
an image signal obtained during the image-sensing op- 
eration. Here, the voltage at the node between the ca- 
pacitor C2 and the gate of the MOS transistor T4 is fed so 
to the MOS transistor T4, which current-amplifies it to 
produce an output current, which is then delivered 
through the MOS transistor T3 to the output signal line 
6. As a result, the output current thus delivered to the 
output signal line 6 is linearly or natural-logarithmically 55 
proportional to the integral of the amount of incident 
light. 

[0048] With each pixel configured as described 



above, by varying the level VL of the signal <)A/PS in the 
resetting operation, it is possible to vary the brightness 
of the subject at which a switching from linear conver- 
sion to logarithmic conversion takes place in the Individ- 
ual pixels. Moreover, in this embodiment, the use of the 
capacitor C1 makes it possible to integrate the output 
signal before it is fed out. The capacitor C1 absorbs and 
eliminates, from the output signal, undesirable compo- 
nents such as fluctuation originating from a light source 
and high-frequency noise. Thus, it is possible to obtain 
output signals with a satisfactory S/N ratio. Moreover, 
by feeding the signal <|>S simultaneously to all the pixels, 
it is possible to sample, by using the capacitor C2, the 
image signals obtained through integration performed 
simultaneously in the individual pixels. This makes it 
possible to sense a fast-moving subject with no distor- 
tion in the image obtained. 

Fourth Embodiment 

[0049] Now, a fourth embodiment of the invention will 
be described with reference to the drawings. Fig. 8 is a 
circuit diagram showing the configuration of each pixel 
provided in a solid-state image-sensing device in this 
embodiment. In the following description, such circuit el- 
ements, signal lines, etc. as serve the same purposes 
as in the pixel shown in Fig. 7 are identified with the 
same reference numerals or symbols, and their detailed 
explanations will not be repeated. 
[0050] As shown in Fig. 8, the pixel of this embodi- 
ment is obtained by omitting the MOS transistor T2 from 
the pixel of the third embodiment (Fig. 7). Specifically, 
the node between the drain and gate of the MOS tran- 
sistorTI isconnected to the node between the capacitor 
C1 and the drain of the MOS transistor T5. This pixel 
configured as described above operates in the following 
manner. 

[0051 ] When a pulse is fed as the signal <j>V to the gate 
of the MOS transistor T3, an output signal is read out. 
Then, the signal $VPS is turned to the level VL to per- 
form a resetting operation. Here : through the MOS tran- 
sistor T1 , the gate voltage of the MOS transistor T1 is 
reset, and the capacitor C1 is initialized. Moreover, a 
pulse is fed in as the signal 4RS to initializethe capacitor 
C2. 

[0052] Thereafter, when the signal $VPS is turned to 
the level VH, an image-sensing operation is started, and 
a voltage linearly or natural-logarithmically proportional 
to the amount of incident light appears at the gate of the 
MOS transistor T1. This voltage linearly or natural-log- 
arithmically proportional to the amount of incident light 
is sampled by the capacitor C1 . Next, a high-level pulse 
is fed as the signal $S to the gate of the MOS transistor 
T5 to bring this MOS transistor T5 into a conducting 
state, so that the voltage sampled by the capacitor C1 
is sampled by the capacitor C2. As a result, the voltage 
at the node between the capacitor C2 and the gate of 
the MOS transistor T4 is now iineariy or naiurai-iogariih- 
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mically proportional to the amount of incident light. The 
operations performed after the image-sensing operation 
is started until the signal <J>S is fed in are performed si- 
multaneously for all the pixels G1 1 to Gmn shown in Fig. 

1. 5 
[0053] While the image-sensing operation is being 
performed in this way, as in the third embodiment, an 
output linearly proportional to the amount of incident 
light or an output natural-togarithmically proportional to 
the amount of incident light is sampled in the capacitor w 
CI. 

[0054] With each pixel configured as described 
above, by varying the level VL of the signal <t>VPS in the 
resetting operation, it is possible to vary the brightness 
of the subject at which a switching from linear conver- 
sion to logarithmic conversion takes place in the individ- 
ual pixels. Moreover, In this embodiment, the use of the 
capacitor C1 makes It possible to integrate the output 
signal before it is fed out. The capacitor C1 absorbs and 
eliminates, from the output signal, undesirable compo- 20 
nents such as fluctuation originating from a light source 
and high-frequency noise. Thus, it is possible to obtain 
output signals with a satisfactory S/N ratio. Moreover, 
by feeding the signal $S simultaneously to all the pixels, 
it is possible to sample, by using the capacitor C2, the 25 
image signals obtained through sampling performed si- 
multaneously in the individual pixels by using capacitor 
C1 . This makes it possible to sense a fast-moving sub- 
ject with no distortion in the image obtained. 

30 

Fifth Embodiment 

[0055] Now, a fifth embodiment of the invention will 
be described with reference to the drawings. Fig. 9 is a 
circuit-diagram showing the configuration of each pixel 35 
provided in a solid-state image-sensing device in this 
embodiment. In the following description, such circuit el- 
ements, signal lines, etc. as serve, the same purposes 
as in the pixel shown in Fig. 3 are Identified with the 
same reference numerals or symbols, and their detailed *o 
explanations will not be repeated. 
[0056] As shown in Fig. 9, the pixel of this embodi- 
ment is obtained by additionally providing, in the pixel 
of the first embodiment (Fig. 3), a MOS transistorT7 that 
is connected between the anode of the photodiode PD 45 
and the drain of the MOS transistor T1 . The MOS tran- 
sistor T7 has its drain connected to the anode of the pho- 
todiode PD, has its source connected to the drain of the 
MOS transistor T1 , and receives a signal $SW at its 
gate. The MOS transistor T7, like the MOS transistors so 
T1 to T3, is an N-channel MOS transistor with its back 
gate grounded. 

[0057] In this pixel configured as described above, in 
either of a resetting or image-sensing operation, by 
keeping a high level fed as the signal <J>SW to the gate 55 
of the MOS transistor T7 so as to keep the MOS tran- 
sistor T7 on, it is possible to keep the pixel in the same 
state as the pixel of the first embodiment. That is. by 



keeping the MOS transistor T7 on so as to keep the an- 
ode of the photodiode PD electrically connected to the 
drain of the MOS transistor T1 ; it is possible to switch 
between linear conversion and logarithmic conversion 
automatically according to the brightness of the subject. 
Thus, how this pixel operates when the MOS transistor 
T7 is kept on is the same as described earlier in con- 
nection with the first embodiment, and therefore will not 
be described anew. 

[0058] On the other, hand, by turning the MOS tran- 
sistor T7 on and off with predetermined timing in a re- 
setting operation, it is possible to make the pixel config- 
ured as shown in Fig. 9 perform logarithmic conversion 
over the entire brightness, range in an image-sensing 
operation. Now, how the pixel configured as shown in 
Fig. 9 operates when it performs logarithmic conversion 
over the entire brightness range in an image-sensing 
operation in this way will be described. In this case, the 
signal <(>VPS takes either a level Vh that is substantially 
equal to the direct-current voltage VPS and makes the 
MOS transistor T1 operate in a subthreshold region or 
a level V1 that is lower than the level Vh and brings the 
MOS transistor T1 into a conducting state. 
[0059] As shown in a timing chart in Fig. 10, when a 
pulse is fed as the signal $V to the gate of the MOS tran- 
sistor T3, an output signal is read out. Then, the signal 
4>SW is turned to a low level to perform a resetting op- 
eration. Here, negative electric charge flows into the 
MOS transistor T1 through its source, and is recom- 
bined with the positive electric charge accumulated at 
the gate and drain of the MOS transistor T1 , at the gate 
of the MOS transistor T2, and at the anode of the pho- 
todiode PD. As a result, the resetting operation 
progresses to a certain degree, permitting the potential 
at the drain and sub-gate region of the MOS transistor 
T1 to lower. 

[0060] However, as the potential at the drain and sub- 
gate region of the MOS transistor T1 is being reset to 
its original level, when the potential becomes equal to a 
certain level, the resetting operation slows down. This 
slowing down is particularly remarkable when a bright 
subject suddenly becomes dim. To avoid this, next, the 
signal *VPS fed to the source of the MOS transistorTI 
is turned to thelevel V1 . Lowering the source voltage of 
the MOS transistor T1 in this way increases the amount 
of negative electric charge that flows into the MOS tran- 
sistor T1 through its source. This prompts the recombi- 
nation of the positive electric charge accumulated at the 
gate and drain of the MOS transistor T1 , at the gate of 
the MOS transistor T2, and at the anode of the photodi- 
ode PD. 

[0061] Thus, the potential at the drain and sub-gate 
region of the MOS transistor T1 lowers further. Then, 
the signal 4>VPS fed to the source of the MOS transistor 
T1 is turned to the level Vh, so that the MOS transistor 
T1 is reset to its original potential state. After the MOS 
transistorTI is reset to its original potential state in this 
way. a high-level pulse is fed as the signal <|>V to the gate 
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of the MOS transistor T3 to read out a noise signal ob- 
tained during the resetting operation. Afterthe noise sig- 
nal is read out in this way, the MOS transistor T3 is 
turned off, and then the signal <J>SW is turned to a high 
level in preparation for an image-sensing operation that 
is to follow. 

[0062] When the signal 4>SW is turned to a high level, 
the image-sensing operation is started, and an amount 
of photoelectric charge commensurate with the amount 
of incident light flows from the photodiode PD into the 
MOStransistorTL Now, the MOS transistor T1 receives 
as its source voltage the level Vh as the signal <|>VPS, 
and therefore operates in a subthreshold region. As a 
result, a voltage natural-logarithmicaliy proportional to 
the photocurrent appears at the gates of the MOS tran- 
sistors T1 andT2. 

[0063] When a voltage natural-logarithmicaliy propor- 
tional to the amount of incident light appears at the gates 
of the MOS transistors T1 and T2 In this way, in the same 
manner as described above, a pulse is fed as the signal 
$V to the gate of the MOS transistor T3. As a result, the 
gate voltage of the MOS transistor T1 , which is natural- 
logarithmicaliy proportional to the amount of incident 
light, is current-amplified by the MOS transistor T2, and 
is then delivered through the MOS transistor T3 to the 
output signal line 6. After an image signal is read out in 
this way, the resetting operation described earlier is per- 
formed. 

[0064] In this way, by turning the MOS transistor T7 
off in the resetting operation, it is possible to reset the 
MOS transistor T1 without the influence of the photocur- 
rent flowing from the photodiode PD. On the other hand, 
in the image-sensing operation, the MOS transistor T1 
operates in a subthreshold region all the time, and there- 
fore it is possible to make the pixel perform logarithmic 
conversion over the entire brightness range. 
[0065] The noise signals from the individual pixels are 
fed out by way of the signal line 9 shown in Fig. 1 , serially 
from one pixel after another, so as to be stored as pixel- 
by-pixel noise signals in a memory provided in the suc- 
ceeding circuit. Then, the image signals from the indi- 
vidual pixels are corrected with the noise signals thus 
stored. In this way, it is possible to eliminate, from the 
image signals, components resulting from variations in 
characteristics among the individual pixels. A practical 
example of how this correction Is achieved is shown in 
Fig. 50 and will be described later. Alternatively, similar 
correction may be realized by providing memories, such 
as line memories, within the pixels. 

Sixth Embodiment 

[0066] Now, a sixth embodiment of the invention will 
be described with reference to the drawings. Fig. 11 is 
a circuit diagram showing the configuration of each pixel 
provided in a solid-state image-sensing device in this 
embodiment. In the following description, such circuit el- 
ements, signal lines, etc. as serve ihe same purposes 



as in the pixel shown in Fig. 5 are identified with the 
same reference numerals or symbols, and their detailed 
explanations will not be repeated. 
[0067] As shown in Fig. 11 , the pixel of this embodi- 

5 ment, like that of the fifth embodiment (Fig. 9), is ob- 
tained by additionally providing, in the pixel of the sec- 
ond embodiment (Fig. 5), a MOS transistor T7 that is 
connected between the anode of the photodiode PD and 
the drain of the MOS transistor T1 . The MOS transistor 

10 T7 has its drain connected to the anode of the photodi- 
ode PD, has its source connected to the drain of the 
MOS transistor T1 , and receives a signal <|>SW at its 
gate. 

[0068] In this pixel configured as described above, as 

15 in the fifth embodiment, in either of a resetting or image- 
sensing operation, by keeping a high level fed as the 
signal $SW to the gate of the MOS transistor T7 so as 
to keep the MOS transistor T7 on, it is possible to keep 
the pixel in the same state as the pixel of the second 

20 embodiment. That is, by keeping the MOS transistor T7 
on so as to keep the anode of the photodiode PD elec- 
trically connected to the drain of the MOS transistor T1 , 
it is possible to switch between linear conversion and 
logarithmic conversion automatically according to the 

25 brightness of the subject. Thus, how this pixel operates 
when the MOS transistor T7 is kept on is the same as 
described earlier in connection with the second embod- 
iment, and therefore will not be described anew. 
[0069] On the other hand, as in the fifth embodiment, 

30 by turning the MOS transistor 77 on and off with prede- 
termined timing in a resetting operation, it is possible to 
make the pixel configured as shown in Rg. 11 perform 
logarithmic conversion over the entire brightness range 
in an image-sensing operation. Now, how the pixel con- 

35 figured as shown in Fig. 11 operates when it performs 
logarithmic conversion over the entire brightness range 
in an image-sensing operation in this way wilt be de- 
scribed. In this case, the signal <j>VPS takes either a level 
Vh that is substantially equal to the direct-current volt- 

40 age VPS and makes the MOS transistor T1 operate in 
a subthreshold region or a level V1 that is lower than the 
level Vh and brings the MOS transistor T1 into a con- 
ducting state. 

[0070] As shown in a timing chart in Fig. 12, when a 
45 pulse is fed as the signal $V to the gate of the MOS tran- 
sistor T3, an output signal Is read out. Then, the signal 
<|>SW is turned to a low level to perform a resetting op- 
eration. Here, negative electric charge flows into the 
MOS transistor T1 through its source, and is recom- 
50 bined with the positive electric charge accumulated at 
the gate and drain of the MOS transistor T1 , at the gate 
of the MOS transistor T2, and at the anode of the pho- 
todiode PD. As a result, the resetting operation 
progresses to a certain degree. 
55 [0071] Next, the signal <|>VPS fed to the source of the 
MOS transistor T1 is turned to the level V1 . Lowering 
the source voltage of the MOS transistor T1 in this way 
increases the amount of negative electric charge that 
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flows into the MOS transistor T1 through its source. This 
prompts the recombination of the positive electric 
charge accumulated at the gate and drain of the MOS 
transistor T1, at the gate of. the MOS transistor T2, and 
at the anode of the photodiode PD. 
[0072] Thus, the potential at the drain and sub-gate 
region of the MOS transistor T1 lowers further. Then, 
the signal <|>VPS fed to the source of the MOS transistor 
T1 is turned to the level Vh, so that the MOS transistor 
T1 is reset to its original potential state. After the MOS 
transistor T1 is reset to its original potential state in this 
way, first, a low-level pulse is fed as the signal ()>D to the 
drain of the MOS transistor T2, so that the electric 
charge accumulated in the capacitor C1 is discharged 
through the MOS transistor T2 to the signal line of the 
signal $Q. This initializes the voltage at the node be- 
tween the capacitor C1 and the source of the MOS tran- 
sistor T2. 

[0073] Then, the gate voltage of the MOS transistor 
T1 in its reset state is fed to the gate of the MOS tran- 
sistor T2, so that the drain current of the MOS transistor 
T2, which the MOS transistor T2 produces by current- 
amplifying the gate voltage of the MOS transistor T1 , 
flows to the capacitor C1 , and thus charges the capac- 
itor C1 , As a result, the voltage at the node between the 
capacitor C1 and the source of the MOS transistor T2 
is now commensurate with the gate voltage of the MOS 
transistor T1 in its reset state. 
[0074] Next, a high-level pulse is fed as the signal 4>V 
to the^gate of the MOS transistor T3 to read out a noise 
. signaiobtained during the resetting operation. Here, the 
voltage at the node between the capacitor C1 and the 
source of the MOS transistor T2 is fed to the MOS tran- 
sistor^, which current-amplifies it to produce an output 
currenlr-which is then delivered through the MOS tran- 
sistor T3 to the output signal line 6. After the noise signal 
is read out in this way, a low-level signal is fed as the 
signar<j>D to the drain of the MOS transistor T2 again to 
reset the voltage at the node between the capacitor C1 
and the source of the MOS transistor T2. Then , the sig- 
nal <frSW is turned to a high level in preparation for an 
image-sensing operation that is to follow. 
[0075] When the signal $SW is turned to a high level, 
the image-sensing operation is started, and an amount 
of photoelectric charge commensurate with the amount 
of incident light flows from the photodiode PD into the 
MOS transistorTI . Now, the MOS transistor T1 receives 
as its source voltage the level Vh as the signal <|A/PS, 
and therefore operates in a subthreshold region. As a 
result, a voltage natural-logarithmically proportional to 
the photocurrent appears at the gates of the MOS tran- 
sistors T1 andT2. 

[0076] When a voltage natural-logarithmically propor- 
tional to the amount of incident light appears at the gates 
of the MOStransistorsTI and T2 in this way, this voltage 
natural-logarithmically proportional to the amount of in- 
cident light is current-amplified by the MOS transistor 
T2, and the resulting current, i.e. the drain current of the 



MOS transistor T2, flows to the capacitor C1 , and thus 
charges the capacitor C1 . As a result, the voltage at the 
node between the capacitor 01 and the source of the 
MOS transistorT2 is now natural- logarithmically propor- 

5 tional to the integral of the amount of incident light. 
[0077] Then, in the same manner as described above, 
a high-level pulse is fed as the signal <|>V to the gate of 
the MOS transistor T3 to read out an image signal ob- 
tained during the image-sensing operation. Here, the 

10 voltage at the node between the capacitor CI and the 
source of the MOS transistor T2 is fed to the MOS tran- 
sistor T4, which current-amplifies it to produce an output 
current, which is then delivered through the MOS tran- 
sistor T3 to the output signal line 6. As a result, the out- 

J5 put current thus delivered to the output signal line 6 is 
natural-logarithmically proportional to the integral of the 
amount of incident light. After the image signal is read 
out In this way, the resetting operation described earlier 
is performed. 

20 [0078] In this way, by turning the MOS transistor T7 
off in the resetting operation, it is possible to reset the 
MOS transistor T1 without the influence of the photocur- 
rent flowing from the photodiode PD. On the other hand, 
in the image-sensing operation, the MOS transistorTI 

2S operates in a subthreshold region all the time, and there- 
fore it is possible to make the pixel perform logarithmic 
conversion over the entire brightness rangei; 
[0079] The noise signals from the individual pixels are 
fed out by way of the signal line 9 shown in Fig. 1 , serially 

30 from one pixel after another, so as to be stored as pixels 
by-pixel noise signals in a memory provided in the suc- 
ceeding circuit. Then, the image signals from the indi- 
vidual pixels are corrected with the noise signals thus 
stored. In this way, it is possible to eliminate, from the 

35 image signals, components resulting from variations in 
characteristics among the individual pixels. A practical 
example of how this correction is achieved is shown in 
Fig. 50 and will be described later. Alternatively, similar 
correction may be realized by providing memories, such 

40 as line memories, within the pixels. 

Seventh Embodiment 

[0080] Now, a seventh embodiment of the invention 
45 will be described with reference to the drawings. Fig. 1 3 
is a circuit diagram showing the configuration of each 
pixel provided in a solid-state image-sensing device in 
this embodiment. In the following description, such cir- 
cuit elements, signal lines, etc. as serve the same pur- 
so poses as in the pixel shown in Fig. 7 are identified with 
the same reference numerals or symbols, and their de- 
tailed explanations will not be repeated. 
[0081] As shown in Fig. 13, the pixel of this embodi- 
ment, like that of the fifth embodiment (Fig. 9), is ob- 
55 tained by additionally providing, in the pixel of the third 
embodiment (Fig. 7), a MOS transistor T7 that is con- 
nected between the anode of the photodiode PD and 
the drain of the MOS transistorTI . The MOS transistor 
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T7 has its drain connected to the anode of the photodi- 
ode PD, has Its source connected to the drain of the 
MOS transistor T1 , and receives a signal <|>SW at its 
gate. 

[0082] In this pixel configured as described above, as 
in the fifth embodiment, in either of a resetting or image- 
sensing operation, by keeping a high level fed as the 
signal $SW to the gate of the MOS transistor T7 so as 
to keep the MOS transistor T7 on, it is possible to keep 
the pixel in the same state as the pixel of the third em- 
bodiment. That is, by keeping the MOS transistor T7 on 
so as to keep the anode of the photodiode PD electri- 
cally connected to the drain of the MOS transistor T1 , it 
is possible to switch between linear conversion and log* 
arithmic conversion automatically according to the 
brightness of the subject. Thus, how this pixel operates 
when the MOS transistor T7 is kept on is the same as 
described earlier in connection with the third embodi- 
ment, and therefore will not be described anew. 
[0083] On the other hand, as in the fifth embodiment, 
by turning the MOS transistor T7 on and off with prede- 
termined timing in a resetting operation, it is possible to 
make the pixel configured as shown in Fig. 13 perform 
logarithmic conversion over the entire brightness range 
in an image-sensing operation. Now, how the pixel con- 
figured as shown in Fig. 13 operates when it performs 
logarithmic conversion over the entire brightness range 
in an image-sensing operation in this way will be de- 
scribed. In this case, the signal <)>VPS takes either a level 
Vh that is substantially equal to the direct-current volt- 
age VPS and makes the MOS transistor T1 operate in 
a subthreshold region or a level V1 that is lower than the 
level Vh and brings the MOS transistor T1 into a con- 
ducting state. 

[0084] When a pulse is fed as the signal <|>V to the gate 
of the MOS transistor T3, an output signal is read out. 
Then, the signal <|>SW is turned to a low level to perform 
a resetting operation. Here, the signal <J>VPS fed to the 
source of the MOS transistor T1 is turned to the level 
V1 to bring the MOS transistor T1 into a conducting 
state. This increases the amount of negative electric 
charge that flows into the MOS transistor T1 through its 
source, and thereby prompts the recombination of the 
positive electric charge accumulated at the gate and 
drain of the MOS transistor T1 , at the gate of the MOS 
transistor T2. and at the anode of the photodiode PD. 
[0085] Then, the signal <|)VPS fed to the source of the 
MOS transistor T1 is turned to the level Vh, so that the 
MOS transistor T1 is reset to its original potential state. 
After the MOS transistor T1 is reset to its original poten- 
tial state in this way, a low-level pulse is fed as the signal 
$D to the drain of the MOS transistor T2, so that the 
electric charge accumulated in the capacitor C1 is dis- 
charged through the MOS transistorT2tothe signal line 
of the signal <frD. This initializes the voltage at the node 
between the capacitor C1 and the source of the MOS 
transistor T2. Moreover, a pulse is fed in as the signal 

<pRS tO initializer tii£ CapaCitCr G2. 



[0086] Then, the gate voltage of the MOS transistor 
T1 in its reset state is fed to the gate of the MOS tran- 
sistor T2, so that the drain current of the MOS transistor 
T2. which the MOS transistor T2 produces by current- 

5 amplifying the gate voltage of the MOS transistor T1 , 
flows to the capacitor C1 , and thus charges the capac- 
itor C 1 . As a result, the voltage at the node between the 
capacitor C1 and the source of the MOS transistor T2 
is now commensurate with the gate voltage of the MOS 

10 transistor T1 in its reset state. 

[0087] Then, the signal $S\N is turned to a high level 
to start an image-sensing operation. The MOS transistor 
T1 receives as its source voltage the level Vh as the 
signal $VPS, and therefore operates in a subthreshold 

is region. As a result, a voltage natural-logarithmically pro- 
portional to the amount of light incident on the photodi- 
ode PD appears at the gates of the MOS transistors T1 
and T2. This voltage natural-logarithmically proportional 
to the amount of incident light is current-amplified by the 

20 MOS transistor T2, and the resulting current, i.e. the 
drain current of the MOS transistor T2, flows to the ca- 
pacitor C1 , and thus charges the capacitor C1 . As a re- 
sult, the voltage at the node between the capacitor C1 
and the source of the MOS transistor T2 is now natural- 

2$ logarithmically proportional to the integral of the amount 
of incident light. 

[0088] Next, a high-level pulse is fed as the signal $S 
to the gate of the MOS transistor T5 to bring this MOS 
transistor T5 into a conducting state, so that the voltage 

30 at the node between the capacitor C1 and the source of 
the MOS transistor T2 is sampled by the capacitor C2. 
As a result, the voltage at the node between the capac- 
itor C2 and the gate of the MOS transistor T4 is now 
natural-logarithmically proportional to the integral of the 

35 amount of incident light. The operations performed after 
the image-sensing operation is started until the signal 
<j>S is fed in are performed simultaneously for all the pix- 
els G1 1 to Gmn shown in Fig. 1 . 
[0089] Thereafter, a high-level pulse is fed as the sig- 

40 nal 4V to the gate of the MOS transistor T3 to read out 
an image signal obtained during the image-sensing op- 
eration. Here, the voltage at the node between the ca- 
pacitor C2 and the gate of the MOS transistor T4 is fed 
to the MOS transistor T4, which current-amplifies it to 

45 produce an output current, which is then delivered 
through the MOS transistor T3 to the output signal line 
6. As a result, the output current thus delivered to the 
output signat line 6 is natural-logarithmically proportion- 
al to the integral of the amount of incident light. 

so [0090] In this way, by turning the MOS transistor T7 
off in the resetting operation, it is possible to reset the 
MOS transistor T1 without the influence of the photocur- 
rent flowing from the photodiode PD. On the other hand, 
in the image-sensing operation, the MOS transistor T1 

55 operates in a subthreshold region all the time, and there- 
fore it is possible to make the pixel perform logarithmic 
conversion over the entire brightness range. 
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Eighth Embodiment 

[0091] Now, an eighth embodiment of the invention 
will be described with reference to the drawings. Fig. 14 
is a circuit diagram showing the configuration of each 
pixel provided in a solid-state image-sensing device in 
this embodiment. In the following description, such cir- 
cuit elements, signal lines, etc. as serve the same pur- 
poses as in the pixel shown in Fig. 8 are identified with 
the same reference numerals or symbols, and their de- 
tailed explanations will not be repeated. 
[0092] As shown in Fig. 14, the pixel of this embodi- 
ment, like thai of the fifth embodiment (Fig. 9), is ob- 
tained by additionally providing, in the pixel of the fourth 
embodiment (Fig. 8), a MOS transistor T7 that is con- 
nected between the anode of the photodiode PD and 
the drain of the MOS transistor T1 . The MOS transistor 
T7 has its drain connected to the anode of the photodi- 
ode PD, has its source connected to the drain of the 
MOS transistor T1 , and receives a signal <|>SW at its 
gate. 

[0093] In this pixel configured as described above, as 
in the fifth embodiment, in either of a resetting or image- 
sensing operation, by keeping a high level fed as the 
signal 4>SW to the gate of the MOS transistor T7 so as 
to keep the MOS transistor T7 on, it is possible to keep 
the pixel in the same state as the pixel of the fourth em- 
bodiment. That is, by keeping the MOS transistor T7 on 
so as^to keep the anode of the photodiode PD electri- 
cally connected to the drain of the MOS transistor T1 , it 
is possible to switch between linear conversion and log- 
arithmic conversion automatically according to the 
brightness, of the subject, thus, how this pixel operates 
when the MOS transistor T7 is kept on is the same as 
described earlier in connection with the fourth embodi- 
ment, and therefore will not be described anew. 
[0094] On the other hand, as in the fifth embodiment, 
by turning the MOS transistor T7 on and off with prede- 
termined timing in a resetting operation, it is possible to 
make the pixel configured as shown in Fig. 14 perform 
logarithmic conversion over the entire brightness range 
in an image-sensing operation. Now, how the pixel con- 
figured as shown in Fig. 14 operates when it performs 
logarithmic conversion over the entire brightness range 
in an Image-sensing operation in this way will be de- 
scribed. In this case, the signal $VPS takes either a level 
Vh that is substantially equal to the direct-current volt- 
age VPS and makes the MOS' transistor T1 operate in 
a subthreshold region or a level V1 that is lower than the 
level Vh and brings the MOS transistor T1 into a con- 
ducting state. 

[0095] When a pulse is fed as the signal <frV to the gate 
of the MOS transistor T3, an. output signal is read out. 
Then, the signal $SW is turned to a low level to perform 
a resetting operation. Here, the signal 4>VPS fed to the 
source of the MOS transistor T1 is turned to the level 
V1 to bring the MOS transistor T1 into a conducting 
state. This increases the amount of negative electric 
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charge that flows into the MOS transistor T1 through its 
source, and thereby prompts the recombination of the 
positive electric charge accumulated at the gate and 
drain of the MOS transistor T1 ,.at the gate of the MOS 

5 transistor T2, and at the anode of the photodiode PD. 
[0096] Then, the signal *VPS fed to the source of the 
MOS transistor T1 is turned to the level Vh, so that the 
MOS transistor T1 is reset to its original potential state. 
Next, the signal <frSW is turned to a high level to start an 

10 image-sensing operation. The MOS transistor T1 re- 
ceives as its source voltage the level Vh as the signal 
())VPS, and therefore operates in a subthreshold region. 
As a result, a voltage natural-logarithmically proportion- 
al to the amount of light incident on the photodiode PD 

is appears at the gate of the MOS transistor T1 . This volt- 
age natural-logarithmically proportional to the amount 
of Incident light is sampled by the capacitor C1 . 
[0097] After the gate voltage of the MOS transistor T1 
as obtained during the image-sensing operation is sam- 

20 pled in the capacitor C1 in this way, a high-level pulse 
is fed as the signal <J)S to the gate of the MOS transistor 
T5 to bring this MOS transistor T5 into a conducting 
state, so that the voltage sampled by the capacitor C1 
is sampled by the capacitor C2. As a result, the voltage 

25 at the node between the capacitor C2 and the gate of 
the MOS transistor T4 is now natural-logarithmically 
proportional to the amount of incident light. .^Fhe opera- 
tions performed after the image-sensing operation is 
started until the signal $S is fed in are performed simul- 

30 taneously for all the pixels G11 toGmn shown in Fig.'l. 
[0098] Thereafter, a high-level pulse is fed as the sig- 
nal $V to the gate of the MOS transistor T3 to read out 
an image signal obtained during the image-sensing op- 
eration. Here, the voltage at the node between the ca- 

35 pacitor C2 and the gate ol the MOS transistor T4 is fed 
to the MOS transistor T4, which current-amplifies it to 
produce an output current, which is then delivered 
through the MOS transistor T3 to the output signal line 
6. As a result, the output current thus delivered to the 

40 output signal line 6 is natural-logarithmically proportion- 
al to the integral of the amount of incident light. 
[0099] In this way, by turning the MOS transistor T7 
off in the resetting operation, it is possible to reset the 
MOS transistor T1 without the influence of the photocur- 

45 rent flowing from the photodiode PD. On the other hand, 
In the image-sensing operation, the MOS transistor T1 
operates in a subthreshold region all the time, and there- 
fore it is possible to make the pixel perform logarithmic 
conversion over the entire brightness range. 

50 

Pixel Configurations Including a Depletion-Mode 
MOS Transistor 

[0100] In the fifth to eighth embodiments (Figs. 9, 11 , 
55 13, and 14), the MOS transistor T7 may be formed as a 
depletion-mode N-channel MOS transistor. In that case, 
the pixels of those embodiments have circuit configura- 
tions as shown in Figs. 1 5 to 1 8, respectively. As shown 
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in Figs. 15 to 18, all the other Iransistors T1 to T6 than 
the MOS transistor T7 are formed as enhancement- 
mode N-channel MOS transistors. 
[01 01 ] Where all the MOS transistors provided within 
each pixel are enhancement-mode MOS transistors as 
in the pixels shown in Figs. 9, 11, 13, and 14, the MOS 
transistors T1 and T7 are connected in series, and 
therefore the high-level voltage of the signal <|>SW fed to 
the gate of the MOS transistor T7 is usually higher than 
the voltage supplied to the pixel. Thus, it is usually nec- 
essary to provide a separate power source for feeding 
the signal $SW to the MOS transistor T7. 
[01 02] By contrast, by using as this MOS transistor T7 
a depletion-mode MOS transistor, it is possible to lower 
the high-level voltage of the signal $SW fed to the gate 
thereof, and thus make this high-level voltage equal to 
the high-level signals fed to the other MOS transistors. 
This is because a depletion-mode MOS transistor has 
a negative threshold voltage value and can thus be 
turned on with a lower gate voltage than an enhance- 
ment-mode MOS transistor. 

Pixel Configurations Including a P-Channel MOS 
Transistor 

[0103] Alternatively, in the fifth to eighth embodi- 
ments, the MOS transistor T7 may be formed as a P- 
channel MOS transistor. In that case, the pixels of those 
embodiments have circuit configurations as shown in 
Figs. 19 to 22, respectively. As shown in Figs. 19 to 22. 
ail the other transistors T1 toT6 than the MOS transistor 
T7 are formed as N-channe! MOS transistors. Here, the 
MOS transistor T7 has its source connected to the an- 
ode of the photodiode PD, and has its drain connected 
to the drain of the MOS transistor T1 . 
[0104] In these circuit configurations, the MOS tran- 
sistor 77 is turned on when the voltage difference be- 
tween its gate and drain is greater than its threshold volt- 
age, and Is turned off when the voltage difference be- 
tween its gate and drain is smallerthan its threshold volt- 
age. Accordingly, the signal (|>SW fed to the gate of the 
MOS transistor T7 has an inverted level-shift pattern as 
compared with the signal 4>SW in the fifth to eighth em- 
bodiments. Moreover, the MOS transistor T7 can be 
turned on and off without being affected by the MOS 
transistor T1 that is connected in series with the drain 
of the MOS transistor 77. 

[01 05] Moreover, since the MOS transistor T7 can be 
turned on and off without being affected by the MOS 
transistor T1 , there is no need to provide a separate 
power source for feeding the signal <frSW. Furthermore, 
these circuit configurations permit the MOS transistor 
T7 to be formed as an enhancement-mode MOS tran- 
sistor like all the other MOS transistors, and thus allow 
the MOS transistor T7 to be produced together with the 
other MOS transistors in a single step. This helps sim- 
plify the manufacturing process as compared with the 
circuit conffgurations described above in which only the 



MOS transistor T7 is formed as a depletion-mode MOS 
transistor. 

Ninth Embodiment 

5 

[0106] Now, a ninth embodiment of the invention will 
be described with reference to the drawings. Fig. 23 is 
a circuit diagram showing the configuration of each pixel 
provided in a solid-state image-sensing device in this 

10 embodiment. In the following description, such circuit el- 
ements, signal lines, etc. as serve the same purposes 
as in the pixel shown in Fig. 3 are identified with the 
same reference numerals or symbols, and their detailed 
explanations will not be repeated. 

15 [0107] As shown in Fig. 23, in this embodiment, the 
cathode of the photodiode PD is connected to the 
source of a MOS transistor T8 and to the gate of the 
MOS transistor T2. The source of the MOS transistorT2 
is connected to the drain of the MOS transistor T3 for 

20 row selection. The source of the MOS transistor T3 is 
connected to the output signal line 6 (this output signal 
line 6 corresponds to the output signal lines 6-1 , 6-2, .... 
6-m shown in Fig. 1). The MOS transistors T2, T3, and 
T8 are all N-channel MOS transistors with their back 

25 gates grounded. 

[0108] A direct-current voltage VPS is applied to the 
anode of the photodiode PD, and the direct-current volt- 
age VPD is applied to the drain of the MOS transistor 
T2. The signal <|>V is fed to the gate of the MOS transistor 

30 T3. A signal 4>VPD is fed to the drain of the MOS tran- 
sistor T8, and a signal 4>VPG is fed to the gate of the 
MOS transistor T8. 

[0109] The signal <J>VPG is a binary voltage signal that 
takes either a level Va that makes the MOS transistor 

35 T8 operate in a subthreshold region when the amount 
Of Incident light is above a predetermined level or a level 
Vb that is higher than the level Va and is used to initialize 
the source voltage of the MOS transistor T8. The signal 
4>VPD is a binary voltage signal that takes either a high 

ao level that is higher than the level Vb or a low level that 
is lower than the level Va. This pixel configured as de- 
scribed above operates in the following manner. 
[0110] As shown in a timing chart in Fig. 24, when a 
pulse is fed as the signal <J>V to the gate of the MOS tran- 

<*5 sistor T3, an output signal is read out. Then, the signal 
<t>VPD Is turned to a low level to perform a resetting op- 
eration. Now, this resetting operation will be described 
with reference to the timing chart in Fig. 24 and the po- 
tential state transition diagrams of the MOS transistor 

50 T8 in Figs. 25A to 25F. 

[0111] Incidentally, as shown in Fig. 25A, the MOS 
transistor T8 is formed, for example, by forming N-type 
diffusion layers 11 and 12 in a P-type semiconductor 
substrate (hereinafter referred to as the "P-type sub- 

55 strata") 10 and then forming, on top of the channel left 
between those N-type diffusion layers 1 1 and 1 2, an ox- 
ide film 1 3 and, further on top thereof, a polysilicon layer 
14. Here, the N-type diffusion layers 11 and 1 2 function 
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as the drain and the source, respectively, of the MOS 
transistor T8, and the oxide film 13 and the polysilicon 
layer 1 4 function as the gate insulating film and the gate 
electrode, respectively, thereof. Here, in the P-type sub- 
strate 1 0 t the region between the N-type diffusion layers 
11 and 12 is called the sub-gate region. In Figs. 25B to 
25F, arrows indicate the direction in which the potential 
increases. 

[01 1 2] Thus, immediately after an image-sensing op- 
eration has been completed, the MOS transistor T8 is, 
for example, in a potential state as indicated with solid 
lines in Fig. 25B, in which the source, the sub-gate re- 
gion, and the drain have increasingly high potentials in 
this order, or in a potential state as indicated with solid 
and dash-dot lines In Fig. 25B, in which the sub-gate 
region, the source, and the drain have increasingly high 
potentials In this order. In either of these states, when 
the signal <|>VPD is turned to a low level, electric charge 
is injected into the sub-gate region and source, of the 
MOS transistor T8 through the drain thereof, with the 
result that, as shown in Fig. 25C, the drain, the sub-gate 
region, and the source all come to have a potential that 
corresponds to the low level of the signal $VPD. At this 
point, the signal $VPG is at the level Va. 
[0113] Thereafter, when the signal 4>VPD is turned 
back to a high level, as shown in Fig. 25D, the drain of 
the MOS transistor T8 comes to have a potential that 
corresponds to the high level of the signal $VPD, and 
the sub-gate region and the source of the MOS transis- 
tor TBtome to have a potential that corresponds to the 
level Va of the signal- *VPG. 

[0114] In this state, when the signal <|>VPG fed to the 
gate of the MOS transistor T8 is turned from the level 
Ya toahe ieyel Vb, as shown in Fig. 25E, the sub-gate 
regiorwand the source of the MOS transistor T8 come to 
have a potential that.corresponds to the level Vb of the 
signal <j>VPG, i.e. a potential higher than their potential 
in the state shown in Fig. 25D. 
[0115] In this state, by feeding a high-level pulse as 
the signal <|>V to the gate of the MOS transistor T3, a 
noise signal as obtained during the resetting operation 
is read out. Here, the source voltage of the MOS tran- 
sistor T8 in its reset state is fed to the gate of the MOS 
transistor T2, so that the source voltage of the MOS tran- 
sistor T8 Is current-amplified by the MOS transistor T2, 
and is then delivered through the MOS transistor T3 to 
the output signal line 6. 

[0116] Thereafter, when the signal <J>VPG fed to the 
gate of the MOS transistor T8 is turned from the level 
Vb back to the level Va t as shown in Fig. 25F, the sub- 
gate region of the MOS transistor T8 comes to have a 
potential that corresponds to the level Va of the signal 
<J>VPG, i.e. a potential lower than its potential in the state 
shown in Fig. 25E. Thus, the potential at the source of 
the MOS transistor T8 is now higher than the potential 
at the sub-gate region thereof. As a result of the signals 
<|>VPD and $VPG being manipulated as described 
above, the potential state of the MOS transistor T8 is 



7 217A2 28 

reset. 

[0117] When the signal <t>VPG is turned to the level 
Va, an image-sensing operation is started, and an 
amount of photoelectric charge commensurate with the 

5 amount of incident light flows from the photodiode PD 
into the MOS transistor T8. Now, the gate voltage of the 
MOS transistor T8 is lower than the source voltage 
thereof: and therefore the MOS transistor T8 is in a cut- 
off state. This causes the photoelectric charge to be ac- 

10 cumulated at the source of the MOS transistor T8. Thus, 
if the brightness of the subject being sensed is low and 
the amount of light incident on the photodiode PD is 
small, a voltage commensurate with the amount of pho- 
toelectric charge accumulated at the source of the MOS 

15 transistor T8 appears at the source of the MOS transis- 
tor T8. As a result, a voltage linearly proportional to the 
integral of the amount of incident light appears at the 
source of the MOS transistor T8. Here, since the pho- 
toelectric charge that is generated in the photodiode PD 

20 is negative, the more intense the incident light, the lower 
the source voltage of the MOS transistor T8. 
[01 18] By contrast, if the brightness of the subject be- 
ing sensed is high and the amount of light incident on 
the photodiode PD is large, the MOS transistor T8 op- 

25 erates in a subthreshold region. As a result, a voltage 
natural-logarithmically proportional to the amount of in- 
cident light appears at the source of the MO&transistor 

T8. . 

[01 19] When a voltage linearly or naturaMogarithmi- 

30 cally proportional to the amount of incident light appears 
at the gate of the MOS transistor T2 in this way, in the 
same manner as described above, a pulse is fed as the 
signal <t>V to the gate of the MOS transistor T3. As a re- 
sult, the source voltage of the MOS transistorTS, which 

35 is linearly or natural-logarithmically proportional to the 
amount of incident light, is current-amplified by the MOS 
transistor T2, and is then delivered through the MOS 
transistor T3 to the output signal line 6. Moreover, the 
drain voltage of the MOS transistor Q1 , which is deter- 

40 mined by the on-state resistances of the MOS transistor 
T2 and the MOS transistor Q1 and the current flowing 
therethrough, appears as an image signal on the output 
signal tine 6. After the image signal is read out in this 
way, the resetting operation described earlier is per- 

45 formed. 

[0120] Among the individual pixels each operating as 
described above, the threshold voltage of the MOS tran- 
sistor TB varies from one pixel to another, and therefore, 
when the signal <frVPG is at the level Va, the voltage at 

50 which a switching from linear conversion to logarithmic 
conversion takes place is Va + Vx (where Vx represents 
the component of the voltage that results from a varia- 
tion in the threshold voltage of the MOS transistor T8). 
In this embodiment, when the signal (j>VPG is at the level 

55 vb, the voltage at the source electrode of the MOS tran- 
sistor T8 is substantially equal to Vb + Vx in practical 
terms. Thus, the difference is AV = Vb - Va; that is, the 
amount of electric charge that is required to effect a tran- 
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silion from a reset state to the aforementioned switching 
point is substantially constant irrespective of variations 
in the threshold voltage of the MOS transistor T8 among 
the individual pixels. 

[01 21 ] Therefore, the amount of photoelectric charge 
that flows into the MOS transistor T8 before the source 
voltage of the MOS transistor T8 reaches the voltage at 
which a switching to logarithmic conversion takes place 
is equal in alt the pixels. Thus, the amount of electric 
charge that is generated in the photodiode PD when a 
switching to logarithmic conversion takes place is equal 
in all the pixels, and therefore the amount of light inci- 
dent on the photodiode PD when a switching to logarith- 
mic conversion takes place is equal in all the pixels. That 
is, in ail the pixels, the brightness of the subject at which 
a switching from linear conversion to logarithmic con- 
version takes place is equal. In this way, It is possible to 
reduce the effect of variations in the threshold voltage 
of the MOS transistor T8 among the individual pixels on 
their switching from one type of conversion to another. 
[0122] By varying the level Vb of the signal <)>VPG in 
the resetting operation, it is possible to vary the range 
in which the gate voltage VS of the MOS transistor T8 
is allowed to vary in linear conversion. Thus, by varying 
the level Vb of the signal <|>VPG in the resetting opera- 
tion, it is possible to set the switching point, which cor- 
responds to the brightness of the subject at which a 
switching from linear conversion to logarithmic conver- 
sion takes place in the individual pixels, at the desired 
level. 

[01 23] The noise signals from the individual pixels are 
fed out by way of the signal line 9 shown in Fig. 1 , serially 
from one pixel after another, so as to be stored as pixel- 
by-pixel noise signals in a memory provided in the suc- 
ceeding circuit. Then, the image signals from the indi- 
vidual pixels are corrected with the noise signals thus 
stored. In this way, it is possible to eliminate, from the 
image signals, components resulting from variations in 
characteristics among the individual pixels. A practical 
example of how this correction is achieved is shown in 
Fig. 50 and will be described later. Alternatively, similar 
correction may be realized by providing memories, such 
as line memories, within the pixels. In this embodiment, 
first the signal $VPD is turned to a low level and then 
the signal <frVPG is turned to a high level. However, these 
signals may be manipulated otherwise than specifically 
described above; for example, the signal <frVPD may be 
turned to a low level while the signal <)>VPG is kept at a 
high level. 

Tenth Embodiment 

[0124] Now, a tenth embodiment of the invention will 
be described with reference to the drawings. Fig. 26 is 
a circuit diagram showing the configuration of each pixel 
provided in a solid-state image-sensing device in this 
embodiment. In the following description, such circuit el- 
ements, signal lines, etc. as serve the same purposes 



as In the pixel shown in Fig. 23 are identified with the 
same reference numerals or symbols, and their detailed 
explanations will not be repeated. 
[0125] As shown in Fig. 26, the pixel of this embodi- 

s ment is obtained by additionally providing, in the pixel 
of the ninth embodiment (Fig. 23), MOS transistors T4, 
T9, and J10 and a capacitor C3. The MOS transistor T9 
has its gate connected to the anode of the photodiode 
PD and to the source of the MOS transistor T8, and has 

w its source connected to one end of the capacitor C3, 
which receives the direct-current voltage VPD atthe oth- 
er end. The node between the source of the MOS tran- 
sistor T9 and the capacitor C3 is connected to the gate 
of the MOS transistor T4 and to the source of the MOS 

is transistor T1 0. The MOS transistors T9 and T1 0 are P- 
channel MOS transistors with the supply voltage applied 
to their back gates. 

[0126] The direct-current voltage VPD is applied to 
the drain of the MOS transistor T4, and the direct-current 

20 voltage VPS is applied to the drain of the MOS transistor 
T9. A direct-current voltage VRS Is applied to the drain 
of the MOS transistor T10, and a signal <|>RS is fed to 
the gate of the MOS transistor T10. The source of the 
MOS transistor T4 is connected to the drain of MOS 

25 transistor T3. This pixel configured as described above 
operates in the following manner. 
[0127] As shown in a timing chart in Fig. 27, when a 
pulse is fed as the signal <j>V to the gate of the MOS tran- 
sistor T3, an output signal is read out. Then, the signal 

30 $VPD is turned to a low level to perform a resetting op- 
eration. As a result, the drain, the sub-gate region, and 
the source of the MOS transistor T8 come to have a po- 
tential that corresponds to the low level of the signal 
4>VPD. Thereafter, when the signal <|>VPD is turned back 

35 to a high level, the drain of the MOS transistor T8 comes 
to have a potential that corresponds to the high level of 
the signal $VPD, and the sub-gate region and the source 
of the MOS transistor T8 come to have a potential that 
corresponds to the voltage Va of the signal <j>VPG. 

40 [0128] In this state, when the signal <|>VPG fed to the 
gate of the MOS transistor T8 is turned from the level 
Va to the level Vb, the sub-gate region and the source 
of the MOS transistor T8 come to have a potential that 
corresponds to the level Vb of the signal $VPG. Then, 

<5 a low-level pulse is fed as the signal $RS to the gate of 
the MOS transistor T1 0 to charge the capacitor C3. This 
initializes the voltage at the node between the capacitor 
C3 and the source of the MOS transistor T9. 
[0129] In this state, by feeding a high-level pulse as 

50 the signal <frV to the gate of the MOS transistor T3, a 
noise signal as obtained during the resetting operation 
is read out. Here, a voltage commensurate with the 
source voltage of the MOS transistor T8 in its reset state 
is fed to the gate of the MOS transistor T4. This voltage 

55 is current-amplified by the MOS transistor T4, and is 
then delivered through the MOS transistor T3 to the out- 
put signal tine 6. After the noise signal is read out in this 
way, a low-level pulse is ted as the signal <t>RS to tne 
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gate of the MOS transistor T1 0 again to initialize the volt- 
age at the node between the capacitor C3 and the 
source of the MOS transistor T9. 
[0130] Thereafter, when the signal <frVPG fed to the 
gate of the MOS transistor T8 is turned from the. level 
Vb back to the level Va, the sub-gate region of the MOS 
transistor T8 comes to have a potential that corresponds 
to the level Va of the signal <t>VPG. Thus, the potential 
at the source of the MOS transistor T8 is now higher 
than the potential at the sub-gate region thereof. As a 
result of the signals <(>VPD and $VPG being manipulated 
as described above, the potential state of the MOS tran- 
sistor T8 is reset. 

[0131] When the signal <|>VPG is turned to the level 
Va, an image-sensing operation is started, and a voltage 
linearly or natural-logarithmically proportional to the 
amount of light incident on the photodiode PD appears 
at the source of the MOS transistor T8 and at the gate 
of the MOS transistor T9. Here, since the photoelectric 
charge that is generated in the photodiode PD is nega- 
tive, the more intense the incident light, the lower the 
source vottage of the MOS transistor T8. 
[0132] When a voltage linearly or natural-logarithmi- 
cally proportional to the photocurrent appears at the 
gate of the MOS transistor T9 in this way, the positive 
electric charge accumulated in the capacitor C3, which 
Is now higher than the surface potential determined by 
the gate voltage of the MOS transistor T9 when the MOS 
transistor T9 is reset, flows through the MOS transistor 
T9. Here, the amount of positive electric charge that 
flows out of the capacitor C3 is. determined by the gate 
voltage of the MOS transistor T9. Specifically, the more 
. intense the incident light, the lower the source voltage 
of thcMOS transistor T8, and thus the larger the amount 
of positive electric charge that flows out of the capacitor 
C3. 

[0133] As a result of the positive electric charge fiow- 
. ing out of the capacitor C3 in this way, the voltage at the 
node between the capacitor C3 and the source of the 
MOS transistor T9 is now linearly or natural-logarithmi- 
cally proportional to the integral of the amount of incident 
light. Thus, when a pulse is fed as the signal <|>V to the 
MOS transistor T3 to turn the MOS transistor T3 on, a 
current linearly or natural-logarithmically proportional to 
the integral of the aforementioned photocurrent is deliv- 
ered through the MOS transistors T3 and T4 to the out- 
put signal line 6. In this way, a signal (output current) 
linearly or natural-logarithmically proportional to the 
amount of incident light is read out, and then the MOS 
transistor T3 is turned off. After an image signal is read 
out in this way, the resetting operation described earlier 
is performed. 

[0134] While the image-sensing operation is being 
performed in this way, as in the ninth embodiment, the 
source voltage VS of the MOS transistor T8 is converted 
into a voltage linearly proportional to the integral of the 
amount of incident light or a voltage natural-logarithmi- 
cally proportional to the integral of the amount of incident 



light, and is fed to the gate of the MOS transistor T9. 
[0135] With each pixel configured as described 
above, by varying the level Vb of the signal $VPG in the 
resetting operation, it is possible to vary the brightness 

5 of the subject at which a switching from linear conver- 
sion to logarithmic conversion takes place in the individ- 
ual pixels. Moreover, in this embodiment, the use of the 
capacitor C3 makes it possible to integrate the output 
signal before it is fed out. The capacitor C3 absorbs and 

10 eliminates, from the output signal, undesirable compo- 
nents such as fluctuation originating from a light source 
and high-frequency noise. Thus, it is possible to obtain 
output signals with a satisfactory S/N ratio. 
[01 36] The noise signals from the individual pixels are 

is fed out by way of the signal line 9 shown in Fig. 1 , serially 
from one pixel after another, so as to be stored as pixel- 
by-pixel noise signals in a memory provided in the suc- 
ceeding circuit. Then, the image signals from the indi- 
vidual pixels are corrected with the noise signals thus 

20 stored. In this way, it is possible to eliminate, from the 
image signals, components resulting from variations in 
characteristics among the individual pixels. A practical 
example of how this correction is achieved is shown in 
Fig. 50 and will be described later. Alternatively, similar 

25 correction may be realized by providing memories, such 
as line memories, within the pixels. 

},:. 

Eleventh Embodiment 

» ♦ 

30 [01 37] Now, an eleventh embodiment of the invention 
will be described with reference to the drawings. Fig. 28 
is a circuit diagram showing the configuration of each 
pixel provided in a solid-state image-sensing device in 
this embodiment. In the following description, such cir- 

35 cuit elements, signal lines, etc. as serve the.same pur- 
poses as in the pixel shown in Fig. 26 are identified with 
the same reference numerals or symbols, and their de- 
tailed explanations will not be repeated. 
[0138] As shown in Fig! 28, the pixel of this embbdi- 

40 ment is obtained by omitting the MOS transistor T10 
from the pixel of the tenth embodiment (Fig. 26). Spe- 
cifically, the signal *VPS is fed to the drain of the MOS 
transistor T9. In this configuration, the resetting of the 
vottage at the node between the capacitor C3 and the 

45 source of the MOS trans lstorT9 is achieved through the 
MOS transistor T9. In other respects, how the pixel of 
this embodiment operates is the same as described ear- 
lier in connection with the tenth embodiment, and there- 
fore will not be described anew. 

so [01 39] In this embodiment , the voltage at the node be- 
tween the capacitor C3 and the source of the MOS tran- 
sistor T9 is reset by feeding a high-level pulse as the 
signal $VPS to the drain of the MOS transistor T9. The 
omission of the MOS transistor T1 0 makes the pixel con- 

55 figuration of this embodiment simpler than that of the 
* tenth embodiment. 

[01 40] The noise signals from the individual pixels are 
fed out by way of the signal line 9 shown in Fig. 1 , serially 
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from one pixel after another, so as to be stored as pixel- 
by-pixel noise signals in a memory provided In the suc- 
ceeding circuit. Then, the image signals from the indi- 
vidual pixels are corrected with the noise signals thus 
stored. In this way, it is possible to eliminate, from the 
image signals, components resulting from variations in 
characteristics among the individual pixels. A practical 
example of how this correction is achieved is shown in 
Fig. 50 and will be described later. Alternatively, similar 
correction may be realized by providing memories, such 
as line memories, within the pixels. 
[0141] In any of the embodiments described herein- 
before, the reading of the signal from each pixel may be 
achieved by the use of a charge-coupled device (CCD). 
I n that case, the transfer of an electric charge to the CCD 
is achieved by providing a potential barrier with a varia- 
ble potential level that corresponds to the MOS transis- 
tor T4. In the embodiments described hereinbefore, 
photodiodes are used as photosensitive elements; how- 
ever, phototransistors, or photosensitive elements of 
any other type, may be used instead. In the second, 
third, sixth, and seventh embodiments : the resetting of 
the capacitor C1 is achieved through the MOS transistor 
72; however, it is also possible to provide a separate 
MOS transistor dedicated to the resetting of the capac- 
itor C1 . 

[0142] In the first to ninth embodiments described 
hereinbefore, the MOS transistors T1 to T8 provided 
within each pixel as active elements are all formed as 
N-channel MOS transistors; however, these MOS tran- 
sistors T1 to T8 may all be formed as P-channel MOS 
transistors instead. On the other hand, in the tenth and 
eleventh embodiments, it is possible, within each pixel, 
to replace all the N-channel MOS transistors with P- 
channel MOS transistors and replace all the P-channel 
MOS transistors with N-channel MOS transistors. 
[0143] Figs. 31 to 38 and 47 showtwelfth to twentieth 
embodiments of the invention, which are examples of 
modified versions of the first to ninth embodiments de- 
scribed hereinbefore in which P-type MOS transistors 
are used. Figs. 48 and 49 show twenty-first and twenty- 
second embodiments of the invention, which are exam- 
ples of modified versions of the tenth and eleventh em- 
bodiments described hereinbefore in which MOS tran- 
sistors of opposite polarity types are used. Figs. 39 to 

42 show modified versions of the sixteenth to nineteenth 
embodiments in which a depletion-mode P-channel 
MOS transistor is used as the MOS transistor T7. Figs. 

43 to 46 show modified versions of the sixteenth to nine- 
teenth embodiments in which an N-channel MOS tran- 
sistor is used as the MOS transistor T7. Accordingly, in 
Figs. 29 to 49, all the elements used and the voltages 
applied have the opposite polarities. For example, in 
Fig. 31 (the twelfth embodiment), the photodiode PD 
has its anode connected to the direct-current voltage 
VPD, and has its cathode connected to the drain and 
gate of the MOS transistor T1 and to the gate of the MOS 
iransisioi 72. The MOS Uansisioi 71 receives the signal 



4>VPS at its source. 

[0144] When logarithmic conversion is performed in 
the pixel configured as shown in Fig. 31 , the direct-cur- 
rent voltage VPS and the direct-current voltage VPD ful- 

5 fill the relation VPS > VPD, thus an inverted relation as 
compared with the case shown in Fig. 3 (the first em- 
bodiment). In the pixel configured as shown in Fig. 32, 
the output voltage of the capacitor C1 is initially high, 
and drops as a result of integration. Moreover, when one 

10 of the MOS transistors 73 to 77 is turned on, a low volt- 
age is applied to the gate thereof. In the pixels config- 
ured as shown in Figs. 43 to 46, when the MOS transis- 
tor 77, which is an N-channel MOS transistor, is turned 
on, a high voltage is applied to the gate thereof. In the 

15 pixel configured as shown in Fig. 48 (the twenty-first em- 
bodiment), when the MOS transistor 710 is turned on, 
a low voltage is applied to the gate thereof. In this way, 
In cases where MOS transistors of opposite polarity 
types are used, although how the voltages are applied 

20 and the elements are connected differs partially, the cir- 
cuits are configured substantially in the same manner 
and operate basically in the same manner. Therefore, 
with respect to the twelfth to twenty-second embodi- 
ments, only illustrations are given in Figs. 31 to 49, and 

25 their configuration and operation will not be described 
anew. 

[0145] Fig. 29 is a block circuit configuration diagram 
illustrating the overall configuration of a solid-state im- 
age-sensing device having pixels configured according 

30 to one of the twelfth to twenty-second embodiments. In 
Fig. 29, such elements as are found also (i.e. as play 
the same roles as) In Fig. 1 are identified with the same 
reference symbols, arid their explanations will not be re- 
peated. Now, the configuration shown in Fig. 29 will be 

35 described briefly. A P-channel MOS transistor 01 and a 
P-channel MOS transistor Q2 are connected to each of 

output signal lines 6-1 , 6-2 6-m that are arranged in 

the column direction. The MOS transistor Q1 has its 
gate connected to a direct-current voltage line 7, has its 

40 drain connected to the output signal fine 6-1 , and has 
its source connected to a line 8 of a direct-current volt- 
age VPSA. 

[01 46] On the other hand, the MOS transistor Q2 has 
its drain connected to the output signal line 6-1, has its 

45 source connected to a signal line 9 serving as a final 
destination line, and has its gate connected to a hori- 
zontal scanning circuit 3. Here, the MOS transistor Q1 , 
together with a P-channel MOS transistor 7a provided 
within each pixel, constitutes an amplifier circuit as 

so shown in Fig. 30A. This MOS transistor 7a corresponds 
to the MOS transistor 74 in the thirteenth to fifteenth, 
seventeenth to nineteenth, twenty-first, and twenty-sec- 
ond embodiments, and corresponds to the MOS tran- 
sistor 72 in the twelfth, sixteenth, and twentieth embod- 

55 iments. 

[01 47] Here, the MOS transistor Q1 serves as a load 
resistor or constant-current source for the MOS transis- 
tor 7a. 7hus, the direct-current voltage VPSA connected 
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to the source of this MOS transistor Q1 and the direct- 
current voltage VPDA connected to the drain of the MOS 
transistor Ta fulfill the relation VPDA < VPSA, where the 
direct : current voltage VPDA equals, for example, the 
ground voltage. The MOS transistor Q1 has its drain 
connected to the MOS transistor Ta, and receives a di- 
rect-current voltage at its gate. The P-channel MOS 
transistor Q2 is controlled by the horizontal scanning cir- 
cuit 3 so as to feed the output of the amplifier circuit to 
the signal line 9 serving as the final destination line. If 
the MOS transistor T3 provided within each pixel is ex- 
plicitly illustrated, the circuit shown in Fig. 30A has a cir- 
cuit configuration as shown in Fig. 30B. 

How to Correct Image Signals 

[01 48) Now, with reference to the drawings, an image 
input apparatus, such as a digital camera, embodying 
the invention will be described that employs a solid-slate 
image-sensing device having pixels configured accord- 
ing to one of the first to twenty-second embodiments de- 
scribed above. 

(0149] The image input apparatus shown in Fig. 50 
includes the following components. An objective lens 51 
introduces the light from a subject into the image input 
apparatus. A solid-state image-sensing device 52 out- 
puts an electric signal commensurate with the amount 
of light introduced through the objective lens 51 . This 
solid-state image-sensing device 52 has pixels config- 
. ured according to one of the first to twenty-second em- 
bodiments. A memory 53 receives an image signal from 
the solid-state image-sensing device 52 and stores it 
temporarily during an image-sensing operation. Another 
memory 54 receives a noise signal from the solid-state 
images-sensing device 52 and stores it temporarily dur- 
ing a resetting operation. A compensation circuit 55 cor- 
rects the image signal stored in the memory 53 with the 
noise signal stored in the memory 54 by performing pre- 
determined corhpensation calculation. A signal proces- 
sor 56 performs predetermined processing on the image 
signal corrected with the noise signal by the compensa- 
tion circuit 55 and feeds out the processed image signal. 
A reset circuit 57 performs a resetting operation as de- 
scribed earlier in connection with each of the embodi- 
ments, and Is provided at least with a power source, and 
a timing generator and a switch for turning the power 
source on and off with predetermined timing. Specifical- 
ly, in the first embodiment, the reset circuit 57 resets the 
MQS transistor T1 by feeding the signal <|>VPS to. its 
source; in the ninth embodiment, the reset circuit 57 re- 
sets the MOS transistor T8 by feeding the signal <J>VPG 
to its gate and the signal <|>VPD to its drain. It is also 
possible to configure the vertical or horizontal scanning 
circuit in such a way as to function also as the reset cir- 
cuit 57. 

[0150J This image input apparatus configured as de- 
scribed above operates as follows. First, an image- 
sensing operation is performed in each pixel and Image 



signals are output pixel by pixel from the solid-state im- 
age-sensing device 52 to the memory 53. On comple- 
tion of the image-sensing operation, each pixel then per- 
forms a resetting operation, and meanwhile, as de- 

5 scribed earlier, variations in sensitivity among the indi- 
vidual pixels are detected and output, as noise signals, 
to the memory 54. The image signals from the individual 
pixels stored in the memory 53 and the noise signals 
from the individual pixels stored in the memory 54 are 

io fed pixel by pixel to the compensation circuit 55. 

[0151] The compensation circuit 55 corrects the im- 
age signals fed from the memory 53 with the noise sig- 
nals fed from the memory 54 by performing predeter- 
mined compensation calculation between the image 

is signals and noise signals of corresponding pixels. The 
image signals thus corrected are fed to the signal proc- 
essor 56, which performs predetermined processing on 
those image signals and then feeds them out. As the 
memories 53 and 54, line memories or the like are used 

20 that can store the signals that are output row by rowfrom 
the solid-state image-sensing device 52. Thus, these 
memories 53 and 54 can easily be incorporated into the 
solid-state image-sensing device. 
[0152] According to the present invention, in a solid- 

25 state image-sensing device, it is possible to switch be- 
tween linear conversion and logarithmic conversion au- 
tomatically according to the amount of incjdent light. 
Thus, when the subject is dim and the amountof incident 
light is small, linear conversion is performed, and there- 
to fore no afterimage remains in the signals obtained after 
a resetting operation. By contrast, when the subject is 
bright and the amount of incident light is large, logarith- 
mic conversion is performed, and therefore it is possible 
to obtain output signals with a wide dynamic range, 

35 Moreover, it is possible to make a switching.from linear 
conversion to logarithmic conversion take place sub- 
stantially at the same brightness in all the pixels. More- 
over, by varying the voltage.of a pulse signal fed to tran- 
sistors, it is possible to vary the brightness at which a 

40 switching from linear conversion to logarithmic conver- 
sion takes place. Furthermore, by providing sampling 
circuits, it is possible to sample output signals simulta- 
neously in all the pixels In an image-sensing operation. 
This makes it possible to sense a fast-moving subject 

45 with no distortion In the image obtained. 



Claims 

so 1. A solid-state image-sensing device comprising: 

a light-sensing element that produces an elec- 
tric signal commensurate with an amount of 
light incident thereon; 
55 a transistor of which a first electrode and a con- 

trol electrode are connected to one electrode 
of the light-sensing element; and 
resetting means for resetting the transistor by 
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feeding a predetermined pulse signal to a sec- 
ond electrode of the transistor, 

wherein the resetting means resets the tran- 
sistor in such a way as to inhibit the transistor from 5 
operating in a subthreshold region when the 
amount of light 'incident on the light-sensing ele- 
ment is below a predetermined level. 

2. A solid-state image-sensing device comprising: 10 



a light-sensing element that produces an elec- 
tric signal commensurate with an amount of 
light incident thereon; 

a transistor of which a first electrode and a con- 
trol electrode are connected to one electrode 
of the light-sensing element; and 
resetting means for resetting the transistor by 
feeding a predetermined pulse signal to a sec- 
ond electrode of the transistor 



wherein the resetting means resets the tran- 
sistor in such a way as to permit the transistor to 
operate in a subthreshold region when the amount 
of light incident on the light-sensing element is 
equal to or above a predetermined level. 

3. A solid-state image-sensing device comprising: 

a light-sensing element that produces an elec- 
tric signal commensurate with an amount of 
light incident thereon; 

a transistor of which a first electrode and a con- 
trol electrode are connected to one electrode 
ol the light-sensing element; and 
resetting means for resetting the transistor by 
feeding a predetermined pulse signal to a sec- 
ond electrode of the transistor. 

wherein the resetting means resets the tran- 
sistor in such a way as to keep the transistor in a 
cut-off state when the amount of light incident on 
the light-sensing element is below a predetermined 
ievel and permit the transistor to operate in a sub- 
threshold region when the amount of light Incident 
on the light-sensing element Is equal to or above 
the predetermined level. 

4. A solid-state image-sensing device comprising: 

a light-sensing element that produces an elec- 
tric signal commensurate with an amount of 
light incident thereon; 

a transistor of which a first electrode and a con- 
trol electrode are connected to one electrode 
of the light-sensing element; and 
resetting means for resetting the transistor by 
feeding a predetermined puise signal to a see- 
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ond electrode of the transistor, 

wherein the resetting means resets the tran- 
sistor in such a way as to 

keep the transistor in a cut-off state when the 
amount of light incident on the. light-sensing el- 
ement is below a predetermined level so that 
an output linearly proportional to the amount of 
light incident on the light-sensing element ap- 
pears at the control electrode of the transistor 
and 

permit the transistor to operate in a subthresh- 
old region when the amount of light incident on 
the light-sensing element is equal to or above 
the predetermined level so that an output log- 
arithmically proportional to the amount of light 
incident on the light-sensing element appears 
at the control electrode of the transistor. 

A solid-state image-sensing device having a plural- 
ity of pixels each comprising a light-sensing ele- 
ment that produces an electric signal commensu- 
rate with an amount of light incident thereon, 

wherein each pixel further comprises a tran- 
sistor of which a first electrode and a control elec- 
trode are connected to one electrode of the light- 
sensing element, 

the solid-state image-sensing device further 
has resetting means for resetting the transistor 
by feeding a predetermined pulse signal to a 
second electrode of the transistor, and • 
the resetting means resets the transistor in 
such a way as to 

keep the transistor in a cut-off state when 
the amount of light incident on the light- 
sensing element is below a predetermined 
level so that an output linearly proportional 
to the amount of light incident on the light- 
sensing element appears at the control 
electrode of the transistor and 
permit the transistor to operate in a sub- 
threshold region when the amount of light 
incident on the light-sensing element is 
equal to or above the predetermined level 
so that an output logarithm tcally propor- 
tional to the amount of light incident on the 
light-sensing element appears at the con- 
trol electrode of the transistor 

A solid-state image-sensing device as claimed in 
claim 5, 

wherein each pixel further comprises an am- 
plifier circuit that amplifies the output appearing at 
the control electrode of the transistor. 
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7. A solid-state image-sensing device as claimed in 
claim 5 or 6, 

wherein each pixel further comprises: 

a first sampling circuit that samples a voltage 
appearing at the control electrode of the tran- 
sistor; 

a first switch of which one end is connected to 
the sampling circuit; and 
a second sampling circuit that is connected to 
another end of the first switch and that samples 
the voltage sampled by the first sampling circuit 
when the first switch is on. 

8. A solid-state image-sensing device as claimed in 
claim 5, 

wherein each pixel further comprises an inte- 
grator circuit that integrates the output appearing at 
the control electrode of the transistor. 

9. A solid-state image-sensing device as claimed in 
claim 8, 

wherein each pixel further comprises: 

a first switch of which one end is connected to 
the integrator circuit; and 
a sampling circuit that is connected to another 
end of the first switch and that samples an out- 
put of the integrator circuit when the first switch 
is on. 

10. A solid-state image-sensing device as claimed in 
one of claims 5 to 9, 

wherein each pixel further comprises a sec- 
ond switch that is connected between the light- 
sensing element and the first electrode of the tran- 
sistor, and 

the second switch is kept off during resetting, 
and is kept on during image sensing so as to permit 
the transistor to operate in a subthreshold region 
over a whole brightness range so that an output log- 
arithmically proportional to the amount of light inci- 
dent on the light-sensing element appears at the 
control electrode of the transistor. . 

11. A solid-state image-sensing device comprising: 

a light-sensing element that produces an elec- 
tric signal commensurate with an amount of 
light incident thereon; 

a transistor of which a second electrode is con- 
nected to one electrode of the light-sensing el- 
ement; and 

resetting means for resetting the transistor, 

wherein the resetting means resets the tran- 
sistor by feeding a predetermined second pulse sig- 
nal to a control electrode of the transistor and a pre- 



determined first pulse signal to a first electrode of 
the transistor in such a way as to keep the transistor 
in a cut-off state when the amount of light incident 
on the light-sensing element is below a predeter- 
5 mined level and permit the transistor to operate in 
a subthreshold region when the amount of light in- 
cident on the light-sensing element is equal to or 
above the predetermined level. 

10 12. A solid-state image-sensing device comprising: 



a light-sensing element that produces an elec- 
tric signal commensurate with an amount of 
light incident thereon; 

a transistor of which a second electrode is con- 
nected to one electrode of the light-sensing el-, 
ement; and 

resetting means lor resetting the transistor, 
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wherein the resetting means resets the tran- 
sistor by feeding a predetermined pulse voltage, in . 
a range in which a potential at the second electrode 
of the transistor reflects a threshold level of the tran- 
sistor, to at least the control electrode of the tran- 
sistor in such a way as to keep the transistor in a 
cut-off state when the amount of light incident on 
the light-sensing element is below a predetermined 
level and permit the transistor to operate in a sub- 
threshold region when the amount of light incident 
on the light-sensing element is equal to or above 
the predetermined level. 

1 3. A solid-state image-sensing'device having a plural- 
ity of pixels each comprising a light-sensing ele- 
. ment that produces an electric signal commensu- 
rate with an amount of light incident thereon, 

wherein each pixel further comprises a tran- 
sistor of which a second electrode is connected to 
one electrode of the light-sensing element and that 
receives a first pulse signal having a first voltage at 
a first electrode thereof and a second pulse signal 
having a second voltage at a control electrode 
thereof during resetting, 

a voltage at the second electrode of the tran- 
sistor is reset through the transistor as a result 
of the first pulse signal being fed to the first elec- 
trode of the transistor and the second pulse sig- 
nal being fed to the control electrode.of the tran- 
sistor, and 
the transistor is 

kept in a cut-off state when the amount of 
light incident on the light-sensing element 
is below a predetermined level so that an 
output linearly proportional to the amount 
of light incident on the light-sensing ele- 
ment appears at the second electrode of 
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the transistor and 

made to operate in a subthreshold region 
when the amount of light incident on the 
light-sensing element is equal to or above 
the predetermined level so that an output 
logarithmically proportional to the amount 
of light incident on the light-sensing ele- 
ment appears at the second electrode of 
the transistor. 

14. A solid-state image-sensing device as claimed in 
claim 13, 

wherein each pixel further comprises an am- 
plifier circuit that amplifies the output appearing at 
the second electrode of the transistor. 

15. A solid-state image-sensing device as claimed in 
claim 13, 

wherein each pixel further comprises an inte- 
grator circuit that integrates the output appearing at 
the second electrode of the transistor. 

16. A solid-state image-sensing device having a plural- 
ity of pixels, 

wherein each pixel comprises: 

a photodiode that receives a direct-cur- 
rent voltage at a first electrode thereof; and 

a first MOS transistor of which a first 
electrode and a gate electrode are connected to a 
second electrode of the photodiode and that re- 
ceives a pulse signal having a predetermined volt- 
age at a second electrode thereof, 

a voltage at the gate electrode of the first MOS 
transistor is reset through the first MOS transis- 
tor as a result of the pulse signal being fed to 
the second electrode of the first MOS transistor, 
and 

the first MOS transistor is 

kept in a cut-off state when an amount of 
light incident on the photodiode is below a 
predetermined level so that an output line- 
arly proportional to the amount of light in- 
cident on the photodiode appears at the 
gate electrode of the first MOS transistor 
and 

made to operate in a subthreshold region 
when the amount of light incident on the 
photodiode is equal to or above the prede- 
termined level so that an output logarithmi- 
cally proportional to the amount of light in- 
cident on the photodiode appears at the 
gate electrode of the first MOS transistor. 

17. A solid-state image-sensing device as claimed in 
claim 16, 



ond MOS transistor of which a gate electrode is con- 
nected to the first and gate electrodes of the first 
MOS transistor, the second MOS transistor output- 
ting an output signal at a second electrode thereof. 

5 

18. A solid-state image-sensing device as claimed in 
claim 1 7, 

wherein each pixel further comprises a third 
MOS transistor of which a first electrode is connect- 
10 ed to the second electrode of the second MOS tran- 
sistor and of which a gate electrode is connected lo 
a row selection line, the third MOS transistor out- 
putting an output signal at a second electrode there- 
of. 

15 

19. A solid-state image-sensing device as claimed in 
claim 1 7, 

wherein each pixel further comprises a first 
capacitor of which one end is connected to the sec- 
20 ond electrode of the second MOS transistor and 
that receives a direct-current voltage at another end 
thereof. 

20. A solid-state image-sensing device as claimed in 
25 claim 19, 

wherein each pixel further comprises a fourth 
MOS transistor of which a gate electrode is con- 
nected to the second electrode of the second M OS 
transistor and that receives a direct-current voltage 
30 at a first electrode thereof. 

21. A solid-state image-sensing device as claimed in 
claim 20, 

wherein each pixel further comprises a third 
35 MOS transistor of which a first electrode is connect- 
ed to the second electrode of the fourth MOS tran- 
sistor and of which a gate electrode is connected to 
a row selection line, the third MOS transistor out- 
putting an output signal a! a second electrode there- 
to of. 

22. A solid-state image-sensing device as claimed in 
claim 16, 

wherein each pixel further comprises a first 
is capacitor of which one end Is connected to the first 
and gate electrodes of the first MOS transistor and 
that receives a direct-current voltage at another end 
thereof. 

50 23. A solid-state image-sensing device as claimed in 
claim 19 or 22, 

wherein each pixel further comprises: 

a fifth MOS transistor of which a first electrode 
55 is connected to the one end of the first capaci- 

tor; 

a second capacitor of which one end is COn- 
<i\»wtww tw t*i gwwwnw wiwvtt ****** w • t»,w nun t*t>*»w 
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transistor and that receives a direct-current 
voltage at another end thereof; and 
a sixth MOS transistor of which a first electrode 
is connected to the one end of the second ca- 
pacitor and that receives a direct-current volt- 
age at a second electrode thereof, the sixth 
MOS transistor being used to reset the second 
capacitor, 

wherein, as the individual pixels perform an 
image-sensing operation simultaneously, a voltage 
commensurate with an amount of light incident on 
the photodiode appears at the one end of the first 
capacitor, and, by turning on the fifth MOS transistor 
of the individual pixels simultaneously, the voltage 
that has appeared at the one end of the first capac- 
itor is sampled by the second capacitor. 

24. A solid-state image-sensing device as claimed in 
claim 23, 

wherein each pixel further comprises a fourth 
MOS transistor of which a gate electrode is con- 
nected to the one end of the second capacitor and 
that receives a direct-current voltage at a first elec- 
trode thereof. 

25. A solid-state image-sensing device as claimed in 
claim 24, 

wherein each pixel further comprises a third 
MOS transistor of which a first electrode is connect- 
ed to the second electrode of the fourth MOS tran- 
sistor and of which a gate electrode is connected to 
a row selection line, the third MOS transistor out- 
putting an output signal at a second electrode there- 
of. 

26. A solid-state image-sensing device as claimed in 
one of claims 1 6 to 25, 

wherein each pixel further comprises a sev- 
enth MOS transistor of which a first electrode is con- 
nected to the second electrode of the photodiode 
and of which a second electrode is connected to the 
first and gate electrodes of the first MOS transistor, 
and 

the seventh MOS transistor is kept off during 
resetting, and is kept on during image sensing so 
as to permit the first MOS transistor to operate in a 
subthreshold region over a whole brightness range 
so that an output logarithmically proportional to the 
amount of light incident on the photodiode appears 
at the gate electrode of the first MOS transistor. 

27. A solid-state image-sensing device having a plural- 
ity of pixels, 

wherein each pixel comprises: 

a photodiode that receives a direct-current volt- 
age at a second electrode thereof; and 



a first MOS transistor of which a second elec- 
trode is connected to a first electrode of the 
photodiode and that receives a first pulse signal 
haying a first voltage at a first electrode thereof 
s and a second pulse signal having a second volt- 

age at a gate electrode thereof, 

a voltage at the second electrode of the first 
MOS transistor is reset through the first 

10 MOS transistor as a result of the first pulse 

signal being fed to the first electrode of the 
first MOS transistor and then the second 
pulse signal being fed to the gate electrode 
of the first MOS transistor, and 

15 the first MOS transistor is ■ 

kept in a cut-off state when an amount 
of light incident on the photodiode is 
below a predetermined level so that an 

20 output linearly proportional to the 

amount of light incident on the photo- 
diode appears at the second electrode 
of the first MOS transistor and 
made to operate in a subthreshold re- 

25 . gion when the amount of light incident 

on the photodiode is equal to or above 
the predetermined level so that an out- 
put logarithmically proportional to the 
amount of light incident on the photo- 

30 diode appears at the second electrode 

of the first MOS transistor 

28. A solid-state image-sensing device as claimed in 
claim 27, 

35 wherein each pixel further comprises a sec- 

ond MOS transistor of which a gate electrode is con- 
nected to the second electrode of the first MOS tran- 
sistor, the second MOS transistor outputting an out- 
put signal at a second electrode thereof. 

40 

29. A solid-state image-sensing device as claimed in 
claim 28, 

wherein each pixel further comprises a third 
MOS transistor of which a first electrode is connect- 
45 ed to the second electrode of the second MOS tran- 
sistor and of which a gate electrode Is connected to 
a row selection line, the third MOS transistor out- 
putting an output signal at a second electrode there- 
of. 

so 

30. A solid-state image-sensing device as claimed in 
claim 28, 

wherein each pixel further comprises a first 
capacitor of which one end is connected to the sec- 
55 ond electrode of the second MOS transistor and 
that receives a direct-current voltage at another end 
thereof. 
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31. A solid-state image-sensing device as claimed in 
claim 30, 

wherein each pixel further comprises a fourth 
MOS transistor of which a gate electrode is con- 
nected to the second electrode of the second MOS 5 
transistor and that receives a direct-current voltage 
at a first electrode thereof. 

32. A solid-state image-sensing device as claimed in 
claim 31 , 10 

wherein each pixel further comprises a third 
MOS transistor of which a first electrode is connect- 
ed to the second electrode of the fourth MOS tran- 
sistor and of which a gate electrode is connected to 
a row selection line, the third MOS transistor out- 
putting an output signal at a second electrode there- 
of. 

33. A solid-state image-sensing device as claimed in 
claim 31 or 32, 20 

wherein the second MOS transistor is a MOS 
transistor of an opposite polarity type to the first 
MOS transistor. 

34. A solid-state image-sensing device as claimed in 2$ 
one of claims 5 to 10 and 13 to 33, 

wherein the pixels are arranged in a matrix. 
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(54) Solid-state image sensing device 

(57) A solid-state image-sensing device has a pho- 
tosensitive element that produces an electric signal 
commensurate with the amount of light incident thereon, 
a transistor of which the first electrode and the control 
electrode are connected to one electrode of the photo- 
sensitive element, and a resetting portion for resetting 



the transistor by feeding a predetermined pulse signal 
to the second electrode of the transistor. The resetting 
portion resets the transistor in such a way as to inhibit 
the transistor from operating in a subthreshold region 
when the amount of light incident on the photosensitive 
element is below a predetermined level. 
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